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. ABSTRACT 
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This paper provides a scientific ^asis fob the formulation and expression of 

in n^^^?!^" f ^"f ^".^ specific^-ionc and for e;cplicit attentlo^to performance 

m procedural and prescriptive starWis and specifications. peri ormance.» 

» * 

The provislons'of the NBS-developed . Interim Performance Criteria for Solarv^HeaMne 
and .Combined Heating/Coolinp Systems and DwM Mn^ . . p.^f 

are^lasslf^ed in tSrms of the' physical e^tities^addres^d. the IttribJtes of the 
enutlerihfe';^^ ?f 'k? properties whi^.h gioup together. ' particular Sjsical 

^ a ^® sublect to similar dysfunctions. • These provisions are al<,o 

^bj^ctea tt a-'Lingulstlc- ana'lysis which examines in detail the worlin^ uted aJd 
formalizes iertain^ concepts which *re realized in the wording? " 



The provisions of the g-hlf arm pfomft'ing- Code ', a prescriptive code "are cla<,<,m«,s 
te^ms of thj physical entitles addressed apd the perfSnL attribuLs wM^rian. 
i>e Inferred (though they are not explicitly addressed). accriDuces which can. 

arf nJese^tfc''' ''^Ltl^lT/^'i °^ provisions in performance .ode,s and speciflcati'ons 
flngCJItlfi alyl;rmelSoned"IL:r ''''' °" classification studies and the 

Key words:// Building cod'e provisions; building codes ^buildi^g component 
classification; building specifications; building -^stand^ds 
performance concept. • . 
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INTRODUCTION ^ ^ ' ^• 



1.1 Objectives 

This study is a pilot investigatfon for tfhk establishment ' of a rational framework*^* 
for specifications, dealing witii bqth th^ detailed organization of individual 
^provisions and the'overalj. organizatilon' and classification of provisions. 

The •study includes the d*etailed analysis and classificat?ion of two documents;^ 

the Intenift Performance Criteria for Solar Heating and Combined 
Heating/Cooling Systems ^and Dwellings , .National Bureau "df Standards, 
January 3,975 112 J^i ; ^ ^ . ' ^ 

• the Uniform Pluipbing Code , International Association o\ Plumbing 
and^ Mechanical .Officials,' 1973*Edition [21] . ^ 

These tw9 documents were chosen because t'hey re^present as closely as possible the 
extreme points on the performance-prescriptive 'specification continuum. 

The obj'ectives of the study are: ' ^ ' 

• '"to investigate ]:he vocabulary of specifications; tljat is, the terms 

used to ^describe the objects ^^ealt with^and the perrormance expected; 

• to identify the manner in which th^ t^rms mentioned above are. 
used to form specif ication- provisions ; * , ' 

• th investigate classification schemes for the terms used, so as to 
derive ^organizational bajses ^for specifica'tions ; and 



• 



to develop rules for th^^use of terms, sp^ecification provisions, and^ 
classification schemes. 



1.2 Background » * 

* I ' f> 

Bui'lding codes, design .specifications and standards referenced by building .regulatory 
ddcumehtation constitute one of the major communication, and control mechanisms for 
the building industry.. The development of new codes^ and standards and the mainte- 
nance of existing ones involves a substantial effort on the part ofTesearchjsrs , 
product developer's, building c^ficials and professionals in many disciplines\ The 
enactment and enforcement of building codes requires a large building regulatory 
s-ystem. _The codes, specifications and standards cont.rol t^ie professional output of 
designers and the products of builders and buildings manuf act u)?er# The quality and 
CQverage of,*these codes and standards has a major effect on both the quality and 
cost of buildings. * * v. 

ThirreTflB^ therefore, ,a critical need to improve our undeastanding of the organization 
and 'structure of codes and specifications and tio develop^basic principles from .this 
understanding. These principles are expected to ser^e specification *^writers to 
develop better^^processes and improve their prod'uct . '^14iis report is a pilot study in* 
this direction. • » 

The need for this^tudy is manifested in two ways. I'irst, new\codes and specifica- 
tions are being developed by many sdurcesi, either to reflect changing requirements 
in areas traditionally subject to cbde contjrol such as health, safety and welfare or 
to introduce new req^i^^r^ments reflecting i^^tional needs, such as energy conservation. 
Developers of sucb-^eiSt codes and specificat^ions would be w^ll served' by a jnore 
rigorous framewoi?k within which their efforts could be org^^nized^ and evaluated 
Because ot the importance of specifications, the entire building* community can 
benefit from more rational control. 

Moreover, existing codes and specifications are undergoing a constant process of * 
maintenance, updating and adoption. A mechanism is needed whereby tfie changes and 
amendmei^ts trhus introduced can be readily related to the existing body of codes.' 
€losely related to tHis is the need for comparison of/ existing codes. A ma'jor 

V , , . 

^Bracketed numbers refer to references listed on pages 76 and 77. 



problem experienced by design and construction firms opei^ating in multiple. Jurisdict- 
tions is thert of ident-ifying and dealing with the his similarities and local de\KLa- 
tions among codes. -An organirzed- framework foi^^ representing codes and specifications 
would not* only" assisf these firms, bu,t alqo those agenciefe responsible f<y th*^ * 
promulgation and adol^tion of ''codes and standards^ ^n identifying, and evaluating 
differences. . - ^ ^ \ • % 

1.3 Nomenclature * . ^ . * ^ 

In this stud^, the term "specification" is used to refer -fco ^iT formal documents for 
the evaluation of engineering or architec^tural designs. These include: ^ ^• 

' • legislated builddng.^ codes, such as the New Yof)k City Building 
r C6de CSJ; ' • , I 

• mod^l building cocoes, such as the Basic Building Code of the Building^ 
Offidials and Code Administrators Intsrnat Vonal, Ihc, [4]'; 

t * . ' ' ^ 

• "consensus standards sucir as the American Concrete Institute (ACJl) 

Building Code Requirements for Reinforced Conc^rete [I'ls ^ 

• -proprietary trade association specifications, such as the 

American Institute of Steel Construotion (AISC) Specification for 
'the Design, Fabrication and Erection of Structural Steel for 
Buildings- [2Jj anci ^ , * ^ 

t specifications of "Agencies or owners, such as the Minimum ProlpJtrty ^ 
St«Kidards of * the U.S. -iJepartment of Housing and Ur^ban, Development [llj]. 

Specifically exclud^d^frbm this discussion are building specifications jnade a part of 
the contract d9cuments for a fcuilding pi:oJect and pr^ducti spe^cif ications describing 
proprietary prodjucts pr systems. ^ / ^ * " . ^ ^ 

JThe study deals with three types of specif ic^a^JL^'s* , which differ in their level of 
abstraction*, ,namely: ^ " 



9 performance specifications ,, which state required attributes jin# an imple-% 
mentation-independent manner, such as the "Guide Critei^ia for the Design 
•and Evaluation of Operation BREAKTHROUGH HdiX^ing Systejns^" ^[10].* 
, • - * , * * 

9 probedural speci*f icati6ns / consisting t)f calculation and evaluation 
.procedures, which ^ta-te .required attributes , and procedures for their 
evaluation in an implementation-dependent mann^ sueh as 'the ACI 
and, 'Also speci^iC-ations [1%23; aend . *' " ' ^ 

r ' ♦ " . • 

i prescr iptive specifications , which state required dlmer^sions or 
prope^rties In a manner compl^teiy defining th§, acceptable config- 
urationi or procedures in an implementatipn-dependent manner, 'such 
as the^ One aad Two Family Dwelling Code [17J.. ^ 
c ' , •) 

injthis study, thej term provislQn will be used to refer <o any normat^ive st^at^ent 
in a specifi<;a,tion; that is, requj^reznents or criteria in performance specif icati6ns 
or paragraphs in prescriptive -and procedXtral specifications. 

*1»4 PrevljOus Worlc~ ^ * • » * 

Essenlslaliy all* previous studies on the' organization .and structure of specifications 
were -motivated initially by the prospect of computfgr processing of specification 
pjcovigions foi>- design or c^de conformance checking. While the formalism^and rigor 
requii'ed^or computer processing. Is aoVery useful intellectual-«framework for 
developing an' understanding -and pri^vG^ples, the concepts which thus- emer^e-need not 
necessarily b^ implemented %n computer programs. The concept^ can^also be used for 
manual, or non-computerized, codes. ' - . ^ , / 

. • , • . • - . ' : 

* It ' deals with all three typQs'wlth the followinjg quaUf ieations. -It offers no 
detaile^i study of any pr.ocejSural ^specif 1 cat ionsAnd it has^more material on perror- 
'mance. specifications than prescriptive specifications. • . ^ 



^ An elementary notation, or "language" and data structure for representing building 
, ' problems for computer applications was described in I967 by Clark £5]. It included 
. rules for organization oS code-like provisions. Kapsch's review of existing • 
archite6tural information indexing systems [}3] f ound\ all such systems lacking in 
precision and coverage.' A report to the Center^'for Building Technology ^of the 
National Bureau of Standards (CBT) by/Eberhard, et al L7] postulated a number of 
potential pcjpputer applications for building regulation use, but did not present .a_ 
fprmaJ.*st>ructure for them. 

The senior co-author , in ^collaboration with R. N. Wright, has dealt extensively with 
- tfee representation of procedural' specifications and "the application of this repre- 
. sentation to computer-aided design, and developed improved formats and organizaj^ion 
for procedural' specifications [9,15,16]. The status of tha^ work as 'of earl^ 197$ 
is sununarized in [8]. .Refinements of this work were carried out at the University 
of Illinois in a project initialed by R. N.^Hright and thfn, continued under • 
^J, W. Melin (se'e [22]). Other extensions oft^ie wor^ are underway at Carnegie-Mellon 
*^ University under the direction of the 'senior co-author. The wdr*k at Carnegie-Mellon' 
University and the University of Illinois to date has not dealt with performance 
sp^ecl,fications per se , nor-did it produca any of the formal structunejs and concepts • 
• introduced in this report. The Computer aids developed as part of the University 
of Illin&is project 'are, however, well suited for operating on the classification 
structures pigesented here. 

'I.5 Scope of Report ' " ' • 

Chapter 2 develops^ a- model of specifications and examljies the .overall organization of 
provisions as wfell* as the detailed organization. Special emphasis is given tp * 
performance specifications, becavise of their need to specify objectives in^general 
/terms, and because *of the special character of the requirement-criterion-test- 
commentarV hierarchy. '^ _ * . ^ ' 

, Chapter 3 presents the analysis of the Sdlar Heating Performance Criteria; Chapter 4 
J presents the analysis of the. Uniform Plumbing (^ode.y ' ' . 

Chapter 5 presents rules of style in specification writing.- Chapter .^6f ^ketches put 
^potential applications of the^^study ftir the analysis of existing specifications and 
for the_ synthesis of new ones Chapter 7 cont^ains conclusions and recommendations 
for further work. ^ ' ' ^ ^ 




- 2. "model for p-Rovisions and their organization * * , , 

In-thi^ chapter, a model for' the classification of provisions and tVieir organization 
is \5resented; and some of the problem a.-eas which constrain further formalization at 
this time are dis*cussed. The discussion covers 'all three types of specifications 
mentioned earlier, but ^Section 2.4 deals with the Specific considerations ^related to 
performance specifications. * ^ 

2*1 General 

The basic concept in this study is that each provision of a .specification-,' whether 
performance,, procedural or prescriptive, addresses a perfcrrmance attribute of a j 
physical entity. ^ ^ \ ^ ^ 

In performaqce specifications, provisions are customarily organizedT into requirements, 
(usually qualitative Statements of required attriijo^es) and criteria, (usually 
Quantitative statements gi^ving levels of performance .necessary to 'meet" the require- 
ments). AI.SO, in* performance specif ideations ack.-atterT\pt 'is made to address the 
physieal entity involved in terms of the attribute ^being considered (or to omit any 
^mention of the physical entity); so as, not to* overspecif^ and thus inhibit innpvation. 

Prescriptive and procedt^^ specifications differ from performance types in two 
aspects. First, the attributes addressed, and evenytlie requirements, are not alwajs 
spelled out, but frequently have to be inferred. Second, the plTysical entities to 
which *the provisions apply tend -to be identified in detail. ' ^ * . ^ 

It is recognized tha,t the above comments pertain directly only t.o wholly pe^rformance 
and prescriptive specifications, and that most specifications actually con^^ain a, 
mixture of the two types. Section MP 3F of [l8] discusses this point ; a table on 
pd«fe 6' of that^s^ction describes nine levels of performance/prescriptive mixture, and 
gives sample provisions from each level. A rrevieV^o^; the ^table' shows that the basic 
concept is maintained throughout; that is, eacli, sample provlsiqn addresses, a pnysical 
entity and (implicitly or expiicitlj^) a desired attribute. ^ , f 

The model' for* organization is formulated at two levels: * _ ^ * 

• • the way singly provisilons 5re^ composed ;^ and 

• « the manner in which related provisions are orgranized^ , 
* " # ^ • ** • 

These two Itevela form the subject of the next two sections. ^ 

*• ' ^ 0 ^ ' ' ' 

2^2 Detailed'organization: Provision Structure ' ' - 

The contents of provisions in all types, of specifications contain the same type of ^ 
information, namely: ' *. - " m ' 

^ • a sub.leat , which refers to or makes some mention of a physical ^ ^ 

entityj^ and * " ^ * ^ ' ' \ * ^ 

-'•a predicate , which rej.atjss tck-the attribute to be ^at^sfied. 

There are only small variatio^as in the formats of^ specification provisions in per- 
formance and prescriptive specifications. A classification scheme for^the formats 
of provisions will be presented in Section 3-3- ^ ^ ' ' * 

By contrast, many provisions in procedural specifications descri^be calculation and 
evaluation procedures to be executed. vThe representation of the organization of s^uch 
provisions h^s been presented elsewhere [15,16] an^F will not be dealt with further , 
in^this study. ' • ' ^ 

, r r ■. ' . 
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2.3 Overall Or'feani feat ion: «^lMsif ication Schemes - ' * 

As regards the overall organization of specifications - be they performance, pro- 
cedural or prescriptive provisions in them are related ,to one anotheif either 
through the physical entity addressed or the atjbribute 'to' be satisfied.* In order, 
to reflect this relationship, classification schemes are employed. 

The objective, of a classification scheme is fo: 

• provide hierarchical' groupings of related provisions; ana 

* • Drovl basis for textual organization, notably outlining 
and indexing, of the specification. 

By thp nature of the subject matter, two independent major classification schemes are 
needed, namely: /" : - r ' « * < • - / ^ 



( 



• by physical entity; and 



• by attt;^bute. 



Per^formance specifications developed in CBT customarily use these two classifications 
as row and column indexes of two-dimensional matrices and record the applicable 
provisions (requirements and criteria) at the intersections. While this representa- 
tion Ras proved workable in CBT, it has shortcomings, primarily because it does -not 
display the internal structure, or "texture", of th^*classification, such as the 
finer subdivision of entities or attribute parts within a box of the matrix; becau&e 
it is not- well suited for cJutlining and indexing; and because it promotes unnecessary 
redundancy in the repetition of nearly identical provis^ns 

study the^two classifications will be dealt with sepgrat^aly, and no attempt 
will b^ made to develop a single representation foV the two. The silasaificat Ions 
w^ll be discussed in turn. 

2.3.1 Physical Entit;^ Glassif ication ' , > ~ ^ 

In developing a classification scheme for the physical ent'lties addressed by a 
specification, ^ major problem is that of identifying the various functfions of a 
physical entity and then distinguishing this from the specific place of the physical 
entity aiRong otJ^er physical ent5.ties. A given physical entity may be referred to in 
several contexts, and in each such context it may be associated with different sets 
of other physical entities. For example, a piece of pipe may b£ referred to: 

• by its material and ils intrinsic properties, - ^ , * * 
k . • as a fluid container, subject -ta^piressure changes^ vacuupi, etcw^ 

• as a mechaniciAl element, subject to'noi^, vibration, fatigue,' 
thermal st^resses, etc* 

• ars a chemical reagent, subject to corrosion^ contaminatflon , etc, . 

• as a load-carrying element, subject to external • imposed loads, - • 
earthquake effects, etc. ^ - , 

• ^as a potential^ projectile in an explosion, a thermal source in ^ \ 

a fire,* etc. • • 

/• . . • • 

• etc. ' J ^ : * 

r * 

In each of these conteicts, the pipe can be assocTated vjith different sets of phjwical* 
entitles whictt are related to it in the specific context being considered. 

■ • • \ ■ . ■ 

V ) '■ ; ^ ^ 

*In addition, though of little interest , here, provisions in proo^dupal *sl>eayri cat ions 
•which'deal with one ^evaluation procedure are arranged in a «hi§r^rchicaXly related, 
sequence.* ' , * • ' ^ - 



- - • ' ' . ' . * : , - 

' \ 

The problems of developing^ an appropriate classification scheme for physical entities 
^V-'; ■ V /..|^ are 'different in* different types of specifications: ^ ' * 

... \ • « ' 

' » . ^ in performance specificatior^/ it is important to avoid a purely 

• hierarcHical jilassif ication by. part 'name, su;:h as one based on 

♦ * ' "syst^m-aubsyst©m-component-material" subdivisions, because such a 
^ classification would unduly over-specify* the pl^ysiaal relftizations 

, .possible and thus inhibit innovation^ in design; 

• in prescriptive and procedural specifications, part names dominate; " 
function and context often have t?o.be inferred, thus making^ 

, , dif<ficult the task of generating higher-level classif icati9hs 

and grpupings. ^ . ' ^ . 

Two applications of generating. physical>classif ications are giv6n in the two following 
chapters. • . » ^ . • . . . 

2.3.2 Attribute Classification ' ' 

The development of an appropriate classification scheme for the attributes of the 
provisions of^a specification is more. difficult than the development of the physical 
classification, for the following reasons*^ * * . 

there is a gfejjeral lack pf suitable definitions of ^ attributes ; 
while the highest-level terms", subh as "health -and safety",* axie 
fi*eely used Irt prescriptive as well, as performance, specif ications, 
there are no established subdivisions; e.g., subdivisions of health 
into biological, physiological or psychological health; ^ ' 

• ' in performance specifications , -th^e is a large jump from -geheral 
^ statements of "user needs" t'o tSe more detailed prescribable , ' 

attributes that can be addressed dire'ctly by the provisions f ^ , 

• in prescriptive specifications, usually resulting fvrom a long, r , 
his^torical process of, accretion, the original attributes may be 
lost, blurred or combined w'ith others, as ^n the ublquitoiw 

' "health and safety". • ^ ' >l ^ , 

This problem is further^ complicated by the frequent* rieiferencing bf> external stancfards 
in both types of specifications. These referenees^^typically describe "what to do" 
or "how to do it^" rather than "why", that is, the attribute to be satisfied, - 

. Two approaches to generating attribute classifications are .di'scussed in the following 
two chapter^. 

2,^ Organization of Performance; Specifications - ^ • 

Performance specifications •Untroduce two additional consideration^ bea1?ing ^on the* 
organizational model of 'specification^, as described in the fallowing sectl'ons^* » 

• . f , " / 
2.4-.1, Property Classification' * - 1 

' ^ ^ ' . * '/ » 

As described in Section 2,3»1> one crucial objective of performance sp*eciflcations 
is. to avoid overspe^cification ^f the physical en,lities involved, so as to allow ^for 
innovation in design. In other words, the specification wrltfer must avoid any 
mention of specific physical entities or^l-se address th^m in 'an^ implement at lon/lnde- ' 
pendent fashion. • ^ . " , ' * 

f ^' * ' * " 

The current study has revealed a mechanism (not previously identified) which has been 
usedjgjjy performance specification writers to overcome this double con^^raint. The 
, mechanism involves addressing a number of physical entities by comroon^ Sroperties > 
'rather t^an through extensive enumeration. These , properties occur -in provisions as 
moaiflers' of nouns which'refer to physical entitles. . Thifs, in statements , such as: 

• "system ^assemblies containing heat .transfer fluids" * 
y ' ' "comifonents involving making parts" 

J:.^". subassemblies . that are accessible " 

f-;;. - ^ - Y ' . ^ ^ / . ' ' ^ 



each underlined por t-ion , whi ch modifies the noun preceding it, ca«Lls attention to a 
specific property, whil>e~avolding *a detailed e/iuineration of all possible physical 
,entit^ies pos^eti^ng this property. The concept of property is thus used in . 
performance specifications to achieve economy of terms and precision without over- ' 
specification. * ' . , - * f 

I • ' ' ' - 

TOe concept ot property acts as an indirect coupler or selector between the physical 
4j5ntitles and the attributes. Specifically, a property calls ^attention to a 
performance characteristic, 'common to some ^group* of physical entities, which may be . 
suscteptible to a dysfunction associated withfa particular attribute. In the three 
examples above> "system assemblies containing heat tran&fer 'fluids" are subject t;o 
mechanical ^nd chemical forces which may arffect durability, "components involvings 
movJLng parts" are subject to wear and deterioration, and "subassemblies that are 
accessible" may cause hazards' to occupants from exposure to hig^ temperature. 

The development, of a classification scheme fQr properties must^theref ore parallel that 
for physical entities and' attributes . One scheme developed is given in tfie next 
chapter. ' _ _ - , • ' 

f • ^ ■ 

2.4.2 RCTC Format' s |^ . ^ " 

The format of performance spffecif ications , as used in CBT, introduces, an intermediate 
lev^l of organization between that of the individual'provisionsland the overall 
cl^ssdf ioation. This level is impl"icit in the "Requirement-Criterion-Test-Co^naentary"' 
(RCTC) statement, namely; 

• there are one or more requirements associated with each attribute 
class; . ^ ^ , 

• ' a requirement is a qualitative 'statement regarding some physical 

entity and some attribute class p ^ ^ 

• there are one 6r more criteria associa;ted with eacfi requirement; 

• a criterion is a quantitative statement which gives a measurable 

^ level of performance necessary to meet the requirement ^with which i 

it is associated;^ * ^ . 

*^ ' " ' ' * / 

• there "is a test associated with each criterion; 

♦ 

• the test, or evaluation, sets forth ^the methods whereby a judgment 

can be made that the criterion has been complied within the design * 
or construction of a building system; 

• there is (usually) a commelfitary associated with each criterion; and , 
4 the commentary provides background information. 

The RCTC format imposes two, organizational conditions; 

• a criterion is related to its requirement by addressing: '(l) a * 
subset of the physical entity; (2) a specific property grou^in^, 

a number of physical entities; ahd/on 13) a subset of the attribute - . 
class addressed by ^he requirement/ ^ \ 

€ the test,, or evaluation, needs ^t) be related* to'^the type of 
measure given in the cijiterion it accompanies.", 

Examples of these hierarchical interrelations are given in Section 3*4* ^ ' 



* ^ SI APPLICATION TO SOLAR HEATING CRITERIA 

This chapter presents an analysis of a perforrr.ance specification accoraing to the 
general rao4el described , in Chapter 2. 

3.1 General , — ^ 

The analysis is performed on the-Tirst six chapters of the NBS perf ctrmance specifica-'^ 
tlon entitled Interim Perfornance Criteria for Solar Heating and Combined ?^atin&/ 
Cooling Systein~and DwellinRS . 1975 L12j referred to hereafter as the "Solar 
Criteria. ' Although a formal physical entity-attribute matrix is not used in the 
specification, it is organized* by chapters on the basis of the following attribute 
classes: 

\ ( Chapter 1; Function * ^ 

'~' • ^ 

, Chapter 2. iMechanical ' • 

Chapter 3. Structural 

^Chapter Safety , ' • 

Cnapter 5: 'Durability/Reliability 

unapter 6. Maintainability ^ 

cf tne physical entities, the specification t>»eats the following systems 
and subsyste-nis : * , ' [ 

• the heating (K) system - * ^ , 

• the coinbined:_ heating and' cooliJig (HC) systems , ^ . 

• * * . 

• the domestic hot water (DHW) system/subsystem ' ** ^ 

• the ener^ transport subsystem * 

• the conjtrol subsystem 
the auxiliary energy ^subsystem 

• * the collector subsystem 



• the storage subsystem ' ^ . 

V. 2 Classifications ♦ * . . < 

Using the above specif icat/on as a soiirce, classification 5t;hemes for physical 
entities, attributes and properties were developed. These schemes and their deri- 
vations are discussed in the next thr^e ^sections . In derveloping these categories 
and* the entries within them an effort has been made to inject a minimum of external 
information and rely as much as possible on the terms actually used in the document. 
Section 3.2.^ pres-ents the aotual classification of the provisions requirements 
and criteria). It should be understood that these cljassif ications were derived from' 
the Solar Criteria and ^re not tx> be construed as final or definite. * 

3.2.1 Physical Classification _ -* ^ 

As described above, the beginning of a hierarchical classification of €he physical 
•entities invplved is given in the specification itself .through the identification 
of three system types (H, HC and QHW) and five subsystems (energy transport, control,* 
auxiliary energy^ collector and storage). \\ 

In %he•cur^ent study, this classification was extend'ed in two ways , as follows. At 
th^ topmost level, it became necessary to distinguish between th*e sVstem .itself > 
, encompassing all three types, and elements external tc5 it, such as drains, supporting 
.structure, (service) manuala, and the like. At the dower level's,, It became necessary 
to introduce an analytical framework to encompass^. ^he specific' terms for the entities 



ERIC 



appearing in the specification.. The final classification scheme ^p^eloped in, the 
current study is summarized in Table 3.1; it /consists of the following hierar?phical 
levels: • 

'Level 'I. Global ; System <Sr External. ' " , 

Level II. System type ;*- H, HC, or DHW (as. in the Solar Criteria ). ' 

Level III. Subsystem ; Collector, Storage, Energy Transport, 

Control or Auxiliary Energy (as in the Solar Criteria). 

J 

Level rv through VII. Assembly/Componeivt /Element . This is ^a 'hierarchical 
classification scheme with multiple subdirvisions , encompassing the ele'qients - - 
specifically cited in the Solar Criteria . '* , - ' 

For Levels IV through VII, 'the* terms used and their hierarchy are,.shQwn„ in Table 3.'2. 
It can be seen that some sub-hierarchies are based on a part-to-whoie relation (e.g., 
"maftifpld" is an element of the "piping", component of the "conveying*-' assembly of 
the "mechanical" subsystem), while other sub-hierarchies are classificati-ons by type 
(e*g., "hazardous or toT^c" is one type of "liquid" which in turn is one type oi 
"fluid"). . . 

It can ^Iso be seen from T^able 3.2 thatuthe entries "Collector" and "Control" 
duplicate entries under Level III; "Suo^stems". These redundant entries were 
introduced in the current "study to ensure^^at the physical entities listed under 
each^e restricted in application; that, e.g., "glazing" applies only to "collector" 
and "instrumentation" Applies only to "control." " - ^ 

The clas*Sification of external elements is 'given in T^ble 3.3. v 

3*2.2 Attribute Classification ^ ^ ' 



Even though tne Solar. Criteria specification was written 
and therefore highlighted attributes, still it was necess 
experiment with several alternatives in order_to develop 
for these attributes. This testifies to the lack of unde 
need for research into the nature of attributes. Two of 
Solar Crit^ria > "Mechanical" and "Structural," were rejec 
attrii^utes in the sense that qualitative or quantitative 
be assigned to them. As in the. case of the physical clas 
made to use the classification and terms appearing in the 
maximum extent possible. 

The following classification scheme was selected 

1. Functionality : ability of sy >tem to provide its rated output 



This category can be further 



in performan 
ary in this 
an acceptabl 
rstanding of 
the chapter 

as not b 
performance 
sif ip,ationj 
SoXar Crite 



ce terminology 
study to 

e classification^ 

and consequent 
headings in" the 
eing proper, 
statements can 
an attempt was 
rla to the . ^ 



ubdivided into: 



1.1 Rating : establishment o^ basic rating of system. 



1.2 Efficiency : establishment of criteria whereby the 
demonstration project can' be evaluated, namely, 
reduction in use of conventional energy sources. } 

Ope rabidity : requirements for satisfying performance folt* the 
design life of the system under actual use conditions. -A 
subdivision into the two subcategories of Reliability and 
Durability used in the^ document proper was considered, but- ' 
• finally,, a subdivision was established essentially on a 
stylistic basis, namely; ^ • . 

2.1 Requisites ; performance requirements which need to - 
be satisfied* I ♦ * ^ . 



2.2 Dysfunctions : 'performance impediments which need to 
• ^ be avoided* ^' 



Habit abTllty ; ' requirements ^^ea^ling 'with the health and comfort 
^f occupants^ furtheu subdivix|ed into: ^\ ^ ■ - . ^ / 

•3.1 Health / • ; ' ^ 

- 3.2 Comfort . - \ 



em in 



• _ \^ ^- 

4, ' jiaintalnablllty : " provisions for maintaining 1?he syst 

good • operating c\>nditiohs^ \ 

~' , ♦ * 

5. , Safety : provisions Cor mitigation of "^azardsj further' subdivided, , 
^ where applicable, into: ^ 

5.1 Safety with respect to intrinsJLc effects , a?lich as* explasipn , ^ 
of a system component, ^ 

5.2 Safety with respect to extrinsic effeo-^s , such as earthquakes 
or fires from" external causes. \ ' ' ' 

'The attributes classification is repr'oduced for peferenc^e in-Table 3.4« 

It is to be not^d that four of tTiefee five attribute clas&es (Functionality, 
Operability, Maintainability, Safety) correspond to the cf\apter jieadings of the 
Solar Criteria (Function, Durability/Reliability, Maintainability^-, Safety), and that 
a new^one^ namely Habitability , has been introduced. As stated b'ef ore, the two ' 
. chapter headings dealing >rith Structural and Mechanical aspects have been omitted, 

3\2,3 l^r.bperty Classification . V. • ^ 

' As discussed in Section 2.4.1, the identification of common/^l^oyerties'^both ' 
''significantly reduces the length of 'the physical^ classificatj^n and acts as a* 
filter or ^elector* to focus specific attributes onto groups err pliy'slcal entities, 
ir^deper^iently of their location in ^he building component hiei^archy in a paHicular 
implementation. Let it be emphasized that property is a phenomenoi\ discovered. in the 
current study and that anything said about property is based only on the analysis of 
the Solar CMteria , The current. st,udy proposes the following major Categories of 
properties in the Solar ^Criteria: .(1) external exposure^ (2) internal exposure or. 
contact y (3) exposure to or contact with f^jLuids, (*|) location, (5) access, 
(6) mechanical, (7^ ^struct-ural, akd (&)t serving multiple housing units,, As an 
example of how a property fQCuses Bpecific attributes onto groups of physical 
^entitiesi a specif ic- jfype (3) property is "containijng heat transfer fluids," which 
focuses certain durability - related attributes onto those groups of physical 
entitles which <io in* fac^t: contain heat ti;aASfer fluids, - ^ 

^Considering that the notion Of property has never beein forpially ldentil*ied, it is 
*quite surprising' that it occurs in a very large number of the provisions in the 
document (see the '"property" columns in Table A.l). Furthermore^ it.'^ls worth n^^ting 
that the properties identified are also well-structured hierarchically, as shown in 
' Tab^e^ 3.5. • ' . * 

3.2,4 Classification" of Provision , - ^ ' " : 

The t^iree classifications - physical entity;; attribute and property - d*escribed in 
the preceding sections were applied to the 141 requirements* and criteria contained 
i'n Chapters 1 through 6 of the Solar Crlter}.a, "Table A;l piresents the classification 
' of .tl^es-e provisions based on the information given *in Tables 3.1 through 3,5. ,In 
the table, ran entry is made only when the requirement specifically -applies? to an 
element of 'the classification scheme ;^ thus, blank ^ntri^s m^an both' not stpplicable 
and applicable to all subdivisions of a given lively ' ' • \ ^ - \ 

^he t'able is Jiot claimect to be completely correct, nor* the classification schemes 
optimal. In particular, as mentioned earlier, the physical classification is 
somewhat redundant, inasmuch as "collector" and "control" appear in both, the 
suSsystem (Level III) and assembly (Level IV) classif ica^it)hs. - Also, the^ provisions 
dealing with the heat *;i*ansfer fluid* ^e classified both under ^the "enrergy 'tiransf er" 
subsystem (Level III) an^ under "fluid" clasisiflcation llevel IV), . ^ ' 



, Second, the interaction between the' assembly category of the physical classification 
-aud- the- prope-iHry categoi*y needs to be further investigated; at.pres,ent> the 
assignment of a prov'ision to entries irj one or both categoriek is^ccasionally 
arbitrary, reflecting, in some cases, the ambj.guity of the iex\. example, 
^Criterion 2.6.2* is entitled "Air quality" and thui suggests a p^rovis^n whose 
subject 4s the component "air""; the text pf the" criterion, howe^ver, de^Xs with 
aftd fan systems", i.e., physical, entities having a property "exposed to air." 

' \ . ' - 

PiKjally, on* the attribute side, we creation of the new attribute subcategory "health" 
appi^ears to be somewhat premature, as in many cases dealing with mechanical subsystems 
the^ provisions are simply identified with the ger^eral attribute "health and safety." 
.SinTilarljj, the recuri»,ing statement "safe and efficient operation" defies precise 
gClas^ifidation by attribute at the present state of knowledge. ' 

Notwi^^hstanding the above incons^tencies , Table' A. 1 couM.be used to review the 
Solar -^Critei^ia and sug^es^ chang^g in the .orgajaization of that specification based 
on'the\ following observations:/^ 



• \the physical classif icatioiHfc occasionally too detailed, 
\an4 an attempt should be rusb^' to express the scope of a 
provision differently thand?^ extensive enumeration of 
d^ompodents. ^ ' ^'M\^ 

0- t\e treatmentiof the property classification deseryes ' * ^ 
coi^siderable further -^'tudy . ' ^ , ^ 

^ • ^the\ attribute categ0r5.es should be more carefully defined 

a;id\an ^ttfempt .should be made'i'tp split the major categories 
in^to\more meaningful subcategories. ^ . 

Additional ru^es of usage are given Am^hapter ,5 . 

The tabulation ^g^4.ven also lencts itseln t(i the .generation of summary statistics which 
could be used to* imjirove and*"eyen outV .th^ coverage of the document. . As a simple 
illustration, a frequency . c/mnt of ti^e \at tributes occurring in the provisions is* 
given in Table 3.6. Such aV^able couId\ be used to ascertain whether the number of 
provisions is commensurate with t^e impc^^rtance and complexity of the various 
attribute classes. ^ ' * 



3.3 Structure of Provisions 

*rn tl|is sectiort attention is turned 
together out of constituent parts, 
"talk about" . import^ant concepts whic 
is done in Chapter 5). Sectioa-3*"3. 
they actually occur in the Solar Cri 
classification as ijt applies tb requ 

/or requirements and criteria which 
the^ actual sentence structure. Thes 
observed in t^ Solcir Criteria ; they 
in Chapter 5. 



A 



3.3.1 "The Solar Criteria Provisions 



)r the most part, the pr6visions in 
a.'xpredicate. This observation on st 




to the\mann' 
Structures 
h are reali 
1 "deals \wit 
teria; TVbl 



iremertts . 
woulc\ expXi 
e propose' 
form the 



^ in which pi'ovi'sions 'are put 
are introduced which ^llow one to • 
zed in the wording of provisions (as 
h the structure of the provisions as 
e 3.7 summarizes this structural 
Section 3.3.2 proposes standard forms 
citly incorporate certain concepts into 
structures 'are based on wording 
aeis of theVules of usage elaborated 



the Solar Criteria "contain a subject 'followed by 
ructure can be\ -depicted as follows: , * 



*Herekfter in th.e text knd in the 'tables, C is of ten ^se^ for: Criterl^on 



(e.g.Ac 2.6.2)- and R is often. used for Requirement ( 




R 2.6). 
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ExanjiJles frpm"the Solar Criteria are: 
- «• *' * 
. C A*. 6. A PROVISION 

SUBJECT 



PREDICATE 



Components and materials used in shall' not promote the growth of fungi, 

the H, HC- and DHW systems mold .or mildew 



R 2.7 



PROVISION 



SUBJECT 

Pipe hangers, pipe crunches and 
other supports * 




PREDICATE 

shall carry the static and operational 
loads normally Imposed without impairing 
systejn function. \ 



Note that in ttoth cashes tTie SUBJECT refers to yr makes some mention of a physical . 
eatity and the PREDICATE reflates to one (or very rarely, two) of the performance 
attributes. * ' 

So much for the simplest structure for provisions. Many prpvisions in the Solar 
Criteria are more complex. One additional complexity is the condition, a group of 
words appended in froi^t of the basic structure introduced above for the purpose of 
postulating a certain 'a45Lplement^"'tUon. The structure accommodating this complexity 
is: ' \ \ t . ^ 



\ 



PROVISION 



CONDfTIO'l^ 

\ 




SUBJECT 



Examples from, the Solar Criteria are: 

C 2.2.3 



PROVISION 



When a liquid Is used as 
the tr^sfer fluid and 
i quick-closing valves are 
, employed in the design 



1>REDICATE . 




the piping system 



PREDICATE , 

I 

shall be capable of providing^ 
its rated' output under design 
- I'^ads . 



.R l.A 



CONDITION 
Vhen^dncluded in the 
design - 




SUBJECT 
the s^torage subsystem 



PRWISION 

PREDICATE 
shall be capable of 
providing its rated 
output under design 
loads . 



C 2,2.3 uses a condition to postulate an implementation using 'a liquid transfer fluid 
i-n conjunction with ^quick-closing valves in ordea to call attention to the problem 
of "water hammer." R 1.4 postulates an implementation using a storage subsystem to 
call attention to the necessity of providing rated output under design loads. Note 
that 'these provisions postulate the incorporation of certain physical entities 
in acceptable designs without speclfyinp? the incorporation of those physical 
entities. • , ^ ' ^ * 

Another complexity in some provisions i's the presence of a property (see Section 
2.^.1 *©r an introduction to the notion of property). Properties usually^ ;bake the - 
fdi-tti of groups of words in the subject position which modify (and come affter) words « 
which "refer to some group of 'physical entities. They are us ed in provisions* to 
group together a number of physical entities in a possible implementatign which are 
'subject to the sajjie dysf unctior;. The following examples clarify these points: 



C 6.1.2 



PROVISION 




Components 



5 PREDICATE ^ 

shall not degrade under in-use 
PROPERlTX * cond;Ltions to the e^ctent that their 

that are intended to be function will be impaired d6ring their 



buried in the soils 



design life. * 



R 3.7 



PROVISION 




'H, HC and DHW'system 
components and sup- 
porting* sCructur^ 
elements 



- PREDICATE 
shall be capable of resisting 
PROPERTY ^ impact by hail without unacceptable 
exposed to the damage. , 

natural environment ^ ^ \ ^ 
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20 



V 



First, node that in the subj ect*^ position 4n both these provisions, a word or group of 
wo^:ds refjferrJ^ng to a. set of physical entities come> firsL, Vql^ofed by^a property ^ 
whi,cii modifies the precedirfg word or group of wor^d'^-. Note afso-^hat the pVedi^ate in- 
each case meritions a dysfiinction (degradation in C 5.1.2 and imp^act by hail in R 3.7). 
that applies -to the physical entities grouped together by the property (components 
buried in soil in C 5.1.2 and components e-xpose.d_fefic^e natural\environment in R 3.7). 



Table 3-7 gives a representation of every requirement in the Solar Critegia^ in terms 
of the concepts Just discussed. A few e ^ x^y va t-io ns concerning these rej>resentations 
are in order. First,' there are two requirements '(R 1.1 and R 4.5) Which cont^'&in two 
sent)^ncesi in both ^aS^^-.the table gives a jpepres^r^tion of the first sentence only, 
since it was felt tnat only the first sentence • could stand alone as a requirement. 
Second, two requirements (R 2.6 and R 4.5) were re-worded in order to better f it ^-fto^ 
representation scheme; the re-wording does rtot. change the meaning of either of th^ 
requiremeriW'.as they occur in t he-. -S,o.lar Criteria . Third, the consistency .of this 
table with the classification of requirements given in Table A.l is not guaranteed 
in every case. This is because extensive re-wording of the provisions would be 
necessary, and re-^^wording from the original text has been kept to an absolute ^ 
minimum; e^g.;' Tabl»e*A.l splits requirements that address. two attributes whereas 
Table 3-7 leaves the original wording intact. Finally, as discussed below, criteria 
could, be subject to the same sort of representation sgheml above equa;ily successfully., 
thoug)^ this has not been done. tChe only obvious problem in the way^ would seem to be 
that the complexity of the wordi^ig of some of the criteria in Chapter .3 of the 
Solar' Criteria exceeds that of ti^e' strjuctures introduced. 

3.3.2 Proposed Structures for p3f*ovisions 

The .pro/i^ipn struct^ures introduced in the previous sedtion are applicable equally to 
requirement's aYid— er-iteria . This s'ection introduces tentatively proposed structures 
which sdistinguish'between requirements and criteria. These 'structures ape based on* - 
tthe wording found in some of the provisions in the Solar Criteria^ They are not as ^ 
generally appliaal}le to the actually-occurring provisions as the structui^es introduced 
in Section 3.3.1.. ^The structures in^this section c^n be thought of as proposed models 
fur rewriting currently existing provisJLons or for composing new ones. As such, they 
form the -basis of the rules of usage irr^^Chapter 5 . 

The tentatively propos^ed ^tructifres for requirements ar-e now introduced. First, the 
i>asic structure: ' / ' * ''w^- 1 




The only structural innovation here is that^ the predicate is composed of two parts: 
an operator and an attribute.' The opeijator always' consists of "shall" possibly 
fdllowfed by "be," "not," or "not be.y The^^attribufe is a sequence, of ^words relating 
to one of the attribute classes'. . ' 

. ^ . . ( . - ^ 



Sxaftpies from the ^ola?^Crlt\erla now follow; 




' ATTRIBUTfi 
cap^le 9f Loll'ectlng 
and con^rtlng solar 
energy 'into thermal 
enejrgy. 



AITRIBUTE 

• J - 

iall*-safe Irf the event 
of damagfe ^o system ' ' ^- 
components or a power 
failure* 

^^"j. Note that in both cases ^e operator is '*¥h$ill «e" and. that the attribute In R 1.1. is 
^ ..a.^jsequence of words relating to the rating attribu&e class, while the attribute in 
' R- i|.2 relates ^to intrinsic -safety. - , " ■ * . , 

The proposed structures accommodate condition^^nd properties ^discussed "in the 
preceding section, as the "following examples -sn^w: \ «i 

R 1.4 




When included 
in th^ design 



the st3||^e 6EERAT0R 
v'* -'"^ .a' shaU-be 



^ ATTRIBUTE 
capable of pto- 
vidin^ its rated 
output under 
< design loads. 



;4 ,V-<* 



.* "715 ■ 



^^^^ "^335^2fl^3 



.2 



System 
assemblies 



containing he'at 
transfer fluids 



OPERATOR 

I 

shall not 



ATTRIBUTE v.^--^' v 

■ I 

leak to an extent 
greater than t>hat 
^eci?ied in the - 
design vhen operated * ^ 
at the design 



condition. 



Attention*is now turned to tentatively 
Just said about parts of requirements 
of ' the .at»tribute . That is, criteria a 
contain conditions and properties, and 
subjects and operators. They differ i' 
criteria have measures. A measure sta 
entit^y must achieve in support of the 
measure is composed of two parts*? a 
be avoided, or a requisite to be assur 
avoidJLng\the dysfunction or assuring t 



propose^;! stri 
applies to part 
nd requirements 
in tftat both c 
h that where re 
tes the level o 
'requirement ass 
phenomenon, whi 
ed; and a qi^ant 
l^e requisite. 



tu,: -^s for criteria. E^verything 
s of criteria with the exception 

are similar in that both cafi 
an contain the same type^ of 
iquirements have attributes,^ ^ 
f performance that the^ physical 
ociated with the criterion. A 
ch identifies a dysfunction to , 
ifier, which states a method for 



Criteria can be classified acc'ording to'tJfe ways in which they specify methods for 
assuring perform^ance f A classification based on the analysis of the Solar Criteria 
is now presented'. First, there are thpse criteria v?1iich* refer 'to other codes or 
standards for complete conformance-checking procedures; these criteria are called 
implicit criteria (see Example 1 below;. All 'other criteria are explicit cj^iteria, 
of w|iich^there are two" sub-types : complete and ijicomplete . Incomplete* criteria*^are 
those in which no quantifier is stated;, only such Words as "is jSP«j*r3ed" or "is 
assured" are used (see gjc*amale*4. below) . ^he two sub-types of complete criteria are^ 
existence criteria - tho*s^in' which the existence of a device or concept is 
specified in the quantifier (see''Example 3)*and value criteria- - those in which a 
value is specified ^in the quantifier. 

There are three sub-types of v^alue criteria value from document those in which 
-.the value which assures performance is*.given in the solar criteria document - either 
^ in the crilj^rion under observation or elsewh"^ere in ,the document (see Example ^); 
value from design - those in which the value is stated to be governed by .the. design 
of the system (see Example 5); and value from other source "- those in which the 
value is s^id to. hp obtained from some other code or standard (s*ee Example 6). This 
classification scheme is summarized by the following table r^^^ , 



Criterion 



1 Implicit 

2 Explicit 

2.1 Incomplete, 

2.2 Complete 
-^^'2,2,1- Existi 

2.2.2 Value 
• 2.2*2.1 Document 

2.2.2.2 Desi/gn 

2.2.2.3 »0th4r Source 



^^*Except for jneasiires ib Implicit criteria (see below.); 1>hese are pot 



sufbdivided . 
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-r 'W^^^sure in implicit criteria is<..not subdivided into ^phenomenon'^and qdant^ifier. 

The following trees are displayed in order to better 'explain the quarU:ifier' 

. constitu».ent. ^The w6z:ding of the c^»iteria in these trees is 'not always^"the \t 

the wording in ^the document ; rewording i§ intended to be' without cijange in meaning. 

Example 1 - Implicit Criteria - C ^.1.1" 



isame as 



l^ote t^at the irieasure here refers to another source for the! whole conformance-checking 
procedure • • - 1 » r 



CRITERION 




SUBJECT 



Plumbing materials 
anS" equipment -> 

I 



OPERATOR » i 
shal-l be | 



^ ^EASUI^E 



Installed In Accordance 
with the MPS and ANSI A119.1 



Ex^^e 2 -Irvcompiei^e urites*on - C ^ ^ ' * ^ ^ . 

The first sentence "of- this criterion -contains two phenomena - damage to components 
and danger to occupants. -Phe following example is an analysis of the^part dcraling 
with damage to components. Note that the criterion is incomplete in that it does 
not introduce a ,q\|phtltative measure. 



XERION 




The cpntrol 
subsystem 



OPERATOR 

1 

shall b^ 



MEASUP 

Is Avoided 
PHENOMENON 

I y 

designed so that damage to components 

and the building from excessive 

temperatures or pressures developed 

In the ev^nt of a fow4r failure or 

component falj.ure in the control 
system 
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vExa^ie i**- Existence 'Grlterj^on ^01. 7.^* [ ' ^' \ 

Th$ first sentence of thiz^ criterion Is reworded and analyzed as follows: 

. . • , • - ' CRITERION 



SUBJECT 

The DHW wyatem/ 
subsystem 




PHENOMENON QHANTiFlER 

■ ' I 
designed that is assured by 

the regulation - ^providing a ^ 

of dostestic water manually set, - 

. output temperature automatic control. 



Example 4 - Value-Prom-Document Criterion - CI.?.'* c 
The second sentence of this criterion Is .reworded artd analyzed ^s follows:. 
y . CRITERION 



SUBJECT 




The DHW system/ 
subsystem 



designed so that 
wdter fefeiiq)erature 
at the DHW 
storage tank 



Example 5 - Value-From-Deslgn Criterion - C 1.6.1 

CRIIERION « 



SUBJECT 



The energy transport 
subsystem^ 



OPERATOR 
shall be 



PHENOMENON 

designJd so that - 
thermal los^ses and 
use of ej.ectrical 
power • 



QUANTIFIER / ^ 

' ' I 

^hall be. 
capable 

bMng controlled 
'Within the 
range/^of 'f05* 
to 160* F. 




^QUANTIFIER 



shall not 
exceed the> « 
operatjlng ^ 
design yalues. 



Example 6 - V^lue-From-Other-Source Criterion - C 1.2.2' 

« 

CRITERION 



SUB>reCT 

•I 

The DHW system 




designed so that 
Che storage 
capacity 



QUANTIFIER 



shall not be 
less >than the 
voliune specified 
in the MPS. 



3.3.3 Test ' • ^ . ^ ' ' 

Following -each criterion in the Solar Criteria there is a test or evaluation which 
sets forth the methods upon which an objective judgipent ca^be made that the 
criterion has been complied with. Two general types of test methods, each* with 
thr^e subtypes, hav^e been identified in the document: 

Test Methods > ' \ ' 
ft 

A, Analytical * ' . • " 

* ' ' ' ^ ' ■ \ 

I, modeling r . - ' 

' 2. ' calculations v ' ^ 



L^^ic 



3.^ vinspection of plans and specifications 
Physical ^ 



1, testing 



♦ *2. documentsttion of historical^ perfjoajmance " 

' . 3. testing in lieu. of calculations and performarfbe 

Examples of each of the- above are: ^ .i-^ ' 

e Al. ^ E 1.1.^, . .An analytical motiel .. . shall be utilized, • '* . 

A2. E 1,1.1, . .calaUlations based upon ASHRAE analytical 'methods." 

A3.' E 1.7.3, "Reyiew of drawings and specif ications."'" 

Bl. ^E 3.^.1, "Physical simulation and testing. . ." • *^ 

B2. E 5.1-2, "Documentation of satisfactory long term performance ^ 
under in-use condition^. ..." ^ , « ^ . ^ . 

■B*3. E 5.'3.^, "Where adequate existing information is unavailable, o 
testing. . .will be used." * ^ ^ ^ ^ ^ . ^ 

There seetas to be no reason at this time in the development of ..this .classif ication 
system ^to analyze the structure pf evaluation statements in the way that requirement 
and criteria have b^en, analyzed. This is because such statements are of little 
.interest in and of themselves; they acquirp^., interest and importance only as they are 
'associated with their related^ criteria. This cme^^ the hierarchical relationships 
discussed in the ^next section. - 



3:***^*"'-R€TC Format 1^ ' ' ; ^ . ' * * 

In this section, the two organizational requirements introduced in Section 2,k.2 are 
explored in light of the proposed structufres discussed in Sectic5n 3*3. 

First, a criterion should be related to its requirement, by the fact th^^t it* addresses 
(1) a subset of the physical entity; (2) a specific property associated with the 
physi^cal entity; and/or (3) a subset of the attribujte class addressed, by the 
Bequirement . \ 

Examples o^* these three relations are now^ presented in turn: 

^1) ,R ^'1 addresses plumbing and electrical raaterial-s sind equipment 

f 

4.1.1 addcesses plumbing s.iare;?iaj.b ana equipment 
C 4.1.2 addresses electrical materials "and equipment 
2) R^'i.S addresses all material and equipment 

C 4.6.1 address&s materials In contact with potable' water " 



C 4.6.2 addresses subsystems utilizing nonpotable he^t transfer 
fluids • , * 

3) R 1.2 deals, with the amount and temperature of the potable hot 
water- to be supplied. 

C 1.2.1 deals w^-th the acceptable temperature of potable hot, 
water - ' . ^ ^ • 

Ccl.2.*2 deals with the amount of potable hot watpr. " ^ 

Second, the evaluation n^eds. to directly related 'to tne rype of measure given in 
th^ criterion it accompanies. 'Using the classification of measures presented in 
Section 3*2. 2, the following observations can be made: 

• • The existence measure seems to be the most general and any one 
of the six evaluation types may be associated'~with it; 

• The value measures seem to call for a restricted set of evaluation 
types, presumably on the b^asis that if a value or range of values 
can be established in the document, there probably is not enough 
unaerT;ainty to warrant the use of all six evaluatioft methoc^y. 

• The implicit' measures also seem to be paired with a restricted \ 
subset, presumably because these criteria usually reference 
pr.escriptive codes ax;d such codes do not^ , generally allow for 

.conformance checking at all^six of the evaluation levels; 'for 
example, testing is- not allowed. , - ^ 

Examples of criterion - evaluation pairs follo^*,' one^for each of the tl^^ee^ measure 
'types. * . • 

• - • Existence measure ^ - 

C 1.7. 3 f The DHW system/sub'system shalj. be provided with a 

marilially set, automatic control* that provides effective regulation 

of the domestic w^ter output temperature. • * 

E 1.7.3: Review of drawfc^gs^^.and specifications* 

• Value measure ' ' ' -t ' • . • • 

■ • ^ " <D . 

C 1.6.1: Thermal losses and use of electrical power J.n the 
energy transport subsystem shall not exceed the operating design'' • 
valued. ^ „ 

E 1.6.1: Engineering review of drawings, specifications, calculations ^ 
and 'test datra. ^ 



• Implictt measure 

Z A^'* w*^n1 HnQf-pileA in^accorSaAce with Section 615 of the 
Lr-U9eo/l'ad^KS^l)'LrfaS'c^f%K°AKSI A119.1. where applicable. 

^ E 2.7.1: -Review of drawings, calxjulations, and specifications. 



/ 
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Level: I 



Table 3.1 
Physical Classification 

II ' III 



IV-VII 



Global 


System 


Subsystem 


Assembly* 


* ^^1 

A. SystBm 


A. H, HC 

B. HC only 

C. DHW 


A. Collector 

B. Storage 
C-^^ Transport 

D. Control 

E. Aux. Energy 


tSee latle 3.2) 


B* . External 






(See Table 3.3) 



Table 3.2 



Classification by Assembly 
(S/stem tomponents*) 



Level IV " V VI VII 



1. Mechanical 

1.1 Motive 

f 1.1. r Pump 
1.1.2 Fan 

1.2 Heat Exchanger 

1.2.1 Heater 

1.2.2 Condenser 

1.3 Conveying ^ - 

1.3.1 Piping 

1.3.1.1 Manifolds 

1.3.1.2 Circulation Loops 

1.3.1.3 5 Catch Basins 

' 1.3.i;4 Drain/Fill Attachments ? 

1.3.2 iJucts 

1.4 Hangers ^ - 



2. Electrical « ^ 

3. Structural 

3.1 Conventiqnal 

3.1.1 Ultimate strength 

3.1.2 Working stress 

3 . 2 Non-conventional " 

4. Collector 

4.1 Mounting 

4.2 Glazing 

t 413 Cover Plate 

5. Control 

5.1 Regulators ^ 

5 . 2 Instrumentation 

5.3 Controllers 

5.4 Shutoff Valves ^ 

6. Fluids ' 
' '^6.1 Liquids 

^ 6.1.1 Hazardous or Toxic 

7; Filters ' 



8. Gaskets* and Sealants ' J^' 



Table 3.3 
Classification of External Elements^ 



Level: IV 



1. Drains 

i 

\ 

2. Supporting Structure » 

3. Fire Resistant Assemblies 
4... Manual 
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Level: 



» « ' Table 3A 
Classification of Attributes 



II 



* . 1 . Functionality 
^ 1.1 Rating 
1.2 Efflclwcy 

2. Op.erablllty 

2.1 ^"Requisites 

2.2 Dysfunctions 

3. Habltablllty 
3.1 Comfort 

■ 3.2 Health <>. 

4. Maintainability 
^ ,;5^., Safety 



5.1 Intrinsic 



5.2 Extrinsic 



. t 
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Table 3.5 
. Classification of Froperties 

II • - * 



1. External Exposure 

1.1 Rain, Hall,, and Ice 
'1.2 Pollutants^, Solar |Degradatlon 

1.3 Freezing 

1.4 Wind • - 

Internal Exposure or Contact (other than fluids) 

2.1 Elevated Temperature and Pressure 
' .2.2 Dissimilar Materials 

2.^ Leachates^and Dec'broposition Products 

3. 'Exposure to or Contact. with Fluids 
^.1 Potable Liquids 

3.2 Non-Potable Liquids ' ^ 

3.3 Corrosive Liquids 

3.4 Preslttrizgd Liquids • 

3.5 Liquifies Requiring Special ^Handling 
. 3.6 Air ^ :\ 

4. Location' \ 



4.1 Elevated 

4.2 Buried 



Access 



X 

\" 

5.1 Requiring Access \ 

5.2 Accessible to Occupiot 

3. Mechanical 



6.1 Subject to Vibration 

6.2 Involving Maving Parts 

Structural 
- 7.1 Requiring Cutting- 
J.^ Serving Multiple Housing Units 
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Table 3.6 



Attribute 



Frequency of Attributes 



Number of 
References 



14 Rating 

1.2 Efficiency^ 

2.1 Requisites 

212 Dysfunctions 

3.1 Comfort 

3.2 Health 

4 Maintainability 

5 Safety 

5.^. Intrinsic Safety 



15 
2 

40 

61 
7 
9 

18 
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Analysis o£ Requirements 





. ' ' SUBJ 


ECT 






CONDITION 




-PROPERTY 


PREDICATE 


R 1.1- 




The heating ^H) and 
.Combined heating and ^ , 




sha!^i be capable of Collecting and converting solar < 
energy thermal energy. " ' >^ 




•> 


The domestic hot water 

inHlJ^ QVC f'PTT/7QIlV>QVC f'PlTI 
\unrt / oyoucui/ oiii^ovoucui 

* V 

J / V . 




shall^ be capable of /:ollecting and converting tadiant 

Qo 1 flT* pn pTt^v 1 n t'n t'hpTmjj 1 php t&v loh chiill np hqpH 

in ^combination wixh storage, where providetf7 and 
auxiliary energy to supply an adequate amoAnt" of potable 
hot water at an acceptable temperature to n^eet the 
needs of the user. 


• 




The solar collector 




shall absorb and convert incident solar energy into 
useful thermal energy. 




When Included 
in Che design. 


the storage st^sy^tem 




shall be capable of providing its rated output under 
design loads. * . * 


R 1.5 




The presene.e oi the^ \ 
system components / 




shall not significantly affect the efficient operation 
of the H, HC or DHW system or the habitability of the 
^dwelling. 

° — ; ^ 


R 1.6 




The energy transport 
subsystem ^ * 


* 


shall transfer t^e^req^ired thermal - energy between the 
operating subsysl^iSig '2it-or_above t,he design efficiency 
under design full load conditions; ' 


R 1.7 


c 


The control subsystem 

• ? 




shall provide for the. safe ind'^efficient operation of 
the H, HC and DHW systems. ^ • 


R 1.8 




Thff auxiliary energy 
' subsystem 


• 


shall b.e integrated into the H, HC and DHW systems to 
the extent neces^ry to automatically provide the 
desired heating, cooling aiid domestic hot water. 


R 2.1 




The system* fof'^heating , 
(H) and combined heating 
and cooling (JJC) and the 
domestic )^ot water (DHW) 
system/subsystem 


.-^ 


shall be capable of. functjLoning.at their designed flow 
rates, pressures and temperatures. 

* 


R 2.2 




Mechanical' stresses that 
arise within the system 


1?-— 


shall not cause damage or malfunction of the system 
or its Components. ^ 



Tkble 3.7 (Continued) * 





CONDITION 


SUB 


JECT 

^PROPERTY ' 


PREDICATE ' / • ^ 


R 2,3 




System assemblies 


containing heat 
trarfsfer fluids 


.shall r\ot leak to an extent greater than^ that specified 
in the design when ouer^ed at the dfesign .conditions*. 


R 2.4 




" 5 • 

The collector subsystem 




shalA be capa^ie-"©!^ being locate^d, oriented, and^ tilted , 
as Squired ^y th^ design to capture sufficient sol^r 
energy to meet functional requirements. 


•R.2.5 




Shutdown- of the sub- 
Systems in one dwelling 
unit 


— 


shall not impair the distr;Lbution of energy to other, 
dwelling -units of the building. 


R 2.6 




The heat transfer 
fluid 




shall be, maintained at a level of quality that does 
not impair 'its l^at transfer function. ^ 


R 2,7 


4 


Pipe hangers, pipe# 
trenches., and 'other 
supports 


• * 


shall carry the static and opejational loads 'normally 
imposed without impairing system fuftction. 


R 2.8 




The pi^xing system and 
associated ec^uipmen^ 




shall be protected against rupture or leakage from 
excessive pressures and temperatures , ' * 


«j— i 

R 3.1 


• 


The structural design" 
of the heating (H) f 
comDinca neaumg ana 
cpoling (HCy and the 
domesticAot water* (DHW)*" 
systeingr including con— 
necti^s ^d supporting 
structurar^elemerits 


( 


shall be in accordance wif h nationally recognized codes 
and standards and 6hall be based on loads anticipated 
during the service life of the systems. • ' 


R 3. 2 




The structural elements '^^ ^ 
and cohnectiTons of the ; 
H, HC and DHW systems 




; shall not fail' under ultima-te loads expected during 
the^ service liife .of the "system. > ' ^ - 


R 3.3 


4 


The structural elements 
and connections of H, 
HC and DHW systems. 




shall be designed to withstand service loads without 
damage of unacceptable magnitude. 


R-3.4 




The structural elements 
*and connections of H, 
HC arid DHW systems 




shall not fail under the appljxrsrtStBn of ^cyclic 16ads • 
expected during* the service life. 


^ R 3.5 




Cutting of sttuctural 
elements for the install- 
ation of H, HC and DHW 
systems 




shall not 'reduce the 'required load capacity *of 
s'tructural elements. 

• 
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Table 3.7 (Continued) . <^ 





1- 


' • * SUBJECT 


4^ 




. CONDITION. 




PROPERTY 


PREDICATE" 


R 3.6^ 


« \ 


The load capacity of 
structural connections 
and elements supporting 
the n, H€ and DHW system 
components 




shall^not be impaired by the effect of creep and 
residual defletttons. > 

• 


R 3.7 


{ 


H^lttp^^ncTDHW system 
components and support- - 
Ing structui^al elements 


exposed to <he 
natur'al ^ 
environment y 


shall be capable of resisting Impact by hail without 
unacceptable damage*' - 


R 3.8 


• 

■ ' 1 


^The structural elements 
._^and connections of H,* 
.iiC and'DHW systems 




tbhall comply with Criterion 3.2.1 while simultaneously 
subjected to constrain ti loads expected -during the 
service life. 


R 3.9 
• 




"Ho^zontal surfaces of 
tihe'H, HC and DHW 
-systems - J 


* 


9 

shall be desifgjied *in a manner that will assure ' 
stability in service^under ponding conditions'* 




} • - 

\ ." / 


The dpsign and install- ' 
ation of tha systems 
for heating (H) , combined - 
heating and cooling (HC) 
and th^'domestic hot 
water (DHW) system/ 
subsyst^rti and their 
components 




shall be in accordance with nationally recognized 
plumbing and ele*ctrlcal codes and standards for hea^h 
and safety, where applicable.. 


•R 4.2 


••■ / 


.The.H, HC and ^DUW 
systems 




shall be> fail-safe In the event pf damage to syatem 
components or a po^^er failure* * • * 


R 4.3 


/ ^ 


The design and install- 
ation of the H, and 
DHW systems and their 
components * 




shall provide ^ minimum level of fire safety consistent - 
with applicable codes and standards. * ' • - 

f % 

-> « 


R 4.4 

j 


" • ' #■ 

✓ i 

1 ' 


Heat transfer fluids 


which require 
special han- ^ 
dling because 
of toxicity and/ 
or flammability 


shair not be used unless the systems in which they are 
^used are designed to avoid exp6sing the^ occupanti of 

^^dwellings to unreasonable hazards. 

^ V • 
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^ , Table 3.7 (Cohtinued) 







- ' SUBJECT 






CONDITION 




PROPERTY 


^ PREDICATE ^ . • 


R 4.5 




The H, HC and DHW systems. 




shall not unduly hinder the movament of occupants of 
tbe building or emergency personnel. 


R 4.6 


e 


No material^ ^onn of 
conscrucClon, fixture, 
appurtenance or Item of 
equipment 

V 




' shall be employed that will support the growth of 
micro-organisms or introduce 'toxic substances, ^ 
impurities, bacteria or chemicals into potable water or 
air circulation systems in quantities sufficient 'to 
cause disease or harmful physiological, e&fects. 


R 4.7 




Temperatures of 'exterior 
surfaces of the H, HC . 
and DHW systems' 




shall not create a hazard. 

V 


5.1 


> 


The systems for heating 
(H) and combined heating 
an% cooling (HC) and the 
domestic hot water (DHW) ♦ 
system/subsystem and 
their -various subassemblies 




shall not. be affected by external environmental 
factors to an extent that will significantly impair 
their function dutlng their design life. ^ ^ 


R,5.2 




* Components 




shall- be capable of -performing their intended function 
for their design /Ife when^jexposed to tlie temperatures 
^and pressures that can be developed in the system. : 


R 5.3 


* 


Materials used In the- 
systems and their various 
subassemblies 




shall have sufficient chemical compatibility to prevent 
corrosive ^ar and deterioration that would significantly 
shorten the Intended service life of comp^ents binder ^ 
In-use conditions. ^ ^ 


^ 5.4 


1— : 

4 

• f 


Components 

•« 


that Involve 
moving parts 


shall, with normal maintenance, be capable of performing 
" their ^tended function without^ excessive wear or 
deterioration for their service lives. 


R 6.1 




The systems for heating 
(H) , combined heatzln^ 
and cooling (HC)* and the 
domestic hot water (DHW) 
systetn/subsystem 




shall *%a^eslgtted, constructed, and installed to 
provide sufficient access for« general maintenance, 
convenient servicing and loonitoring of system 
performance.* 


R 6»2.' 




A manual ^ • 

J* 




shall be provided' for the installation, operation and 
maintenance §£>.the H« HC and DHW systems. 


R 6.S^^; 




The H, HC and_ DHW 
systems " 




shall be designed in such a manner that they can be 
conveniently repaired by/ qualified service personnel. 



k. APPLlCATiaN TO PLUMBING CODE 



performance 
analysis of spejcif ication provisions. 



M.l General 

rTo^^rVLtinn 5 analysis differs from the previous example of classification o^^ 

V^°lllilt'^T.:^t l\^J^Y.^..t transfer fluldg ." This .wfirdlng a prevision a^lovs 
iL use S ;^y' isseS which satisfies the p roperty. On the other hand in a 

has no place in a prescriptive document. 

2;.»2 Classification \ • ^ ' 

* kre not to De construed final or definite. 

\ ' . - - 

i».2.1^ Physical Classification 

rr^KT^ Is 1 nre<5An-s the oveVaT« physical classification scheme developed in this study. 

Table ^•.l presents i;ne uve|-<±^^ ^ ^^^^^kta '•r^iii-Pvr.T-k was deveTooed for encompassing 

' 1l^^splr»?i=fe -5%"'"e«KSd'ji f-s^r.i^to; s'o?- ^sr • 

the entire plumbj.n£ system ino may we -.ucii^ «v,v<?irpl rlpssif Ication scheme is 

llllill\lTsl^'^^^^^^^^^^ D?liS ::"in^S -J WaSr Distribution- 

-%Sra'the abovnjltems are separately subdivided into Subsystems 

The entries in these ■^^-.^.^T^.g^^ellJj^^^^tTlbi;^ . 'f)! U elements. 
lillllillll'Tr iZT.e'.ls'llim.^'^^W^ Jhf J^bgroipinss^r^t|e physical , 
classification scheme and is tb|refore an ^"f^P^^f ^^is S al^l an • - 

Physical classification scheme. ¥ -labeled ^|^e£lai| (^able -^J^^^^^^^^lg^^f ^^^^'^ysical 
Ind^endent grouping and is appjd^cable to any of ^he other suogroup nb_ . 
.classification scheme. ^ 

k 2.2 Attribute Classification 

attenpts^^er,e ^ firroupingsl under the two schemes did not appear to be 

two attribute schemes.* ine f^\i-v,^ ^Ta«;<;lf iration of some of the provisions of 

unique and. seemed to be attribute 

headings in tlie classification scheme i% as follows: 



Function ; ability of system to perform its intended function. 
1.1 Water supply ' > . ^ 

Water should >be supplied in sufficient volume. so that plumbing fixtures 
caii perrorra their essential function unaer normal conditions ot use. 

1*2 ^Water supply and drainage flow % . * 

Water supply and drainage systems sK\Duld provide adequate minimum flow 
rates in accordance with design . conditions . 

^' 

Y 1.3 Pipe sizes • • 1 * . • 

water supply piping should be sized-so that it can perforsfi it^ * 
^ ^ essential function without excessive wear and noise. Drainage 

piping should be sized So . that sewage can be transported to an 
acceptable point of disposal without averflowing or accumulating 
within the premises. 

1.^ Sewer and drain connectigns , . ' „ 

^ Plumbing fixtures and equipment which discharge liquid wiste or 
^ sewage should be directly connected tQ the san!^.tary drainage 
system, except where indirect connections are required. The 
^ waste should be transported to an acceptable point where proper 
connections should be made f'or further tT&nsport to the main 
sewer*. ^ . » 

1.5 Air Plow * 

Proper denting should be provided to limit pneximatic pressures, * ^ 
within the system and adequately protect trap seals. Vent 
terminals should not return foul air to the building. 

, "1.6 Location for function _ . ^ ' 

PixturesT'-and equlpnient should be Jocated so that the plumbing • 
system functions satisfactorily ^ , 



1.7 Non-interference with other facilities 

The* installation of the plumSlng system feould not interfere 
with the operation of non-piiirablng ^^ystems and facilities 



(i.e., struct^^^al members should not be weakened by cuttin^r. 
♦ * netching, etc.V and prqper clearances should be provided f» 
operation). \ . ' , 

2'. Health and Safety : requirements dealing with health andlsafety of occupants 
2.1 Potable yatex \ ' * • 

Premises intended fdr human habitation should be provided with 
;a supply of pure wholesonie V^ter . 

2 .,2 Contamination ^ ' ^ 

" y Proper protection should:,;be provided to prevent contamination of ^ 
. foods and water by backfipw of sewage. ' ; ^ 

2.3 Backflow, .overflow, siphonagQi i\ • 

Suitable provisions should, be made tb prevent backf low and ove|*XJ.ow 
of sewage in 'the- system. ' » * V * 
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Devices for heating and storing water should be designed and- 
installed so as to prevent* danger from explosion— th3?ough over- 
heating. . ' ^ * V • ' . i.-^ 

a. 5"^- Number of fixtures 
^ .. ^— ^ ^^^^^ • *« 

The minipum number of 'plumbing' fixtures considered essential 
for. good health and sanitation should.be provided. 

Operability., Durability > Reliability ; requirements for satisfying pej:'fprma 
for^^the design life of the system under actual use conditions, 

3 . 1 Damage t^- » - ^ , ' * . ' 

The plumbing system (fixtures^ joint^s and connections)'- should be 
protected from physical damage that would impair essential function. 
<- » 
3*2 Corrosion ^ ' ^ 

The dangers of prematiTre failure or excessive maintenance relating to 
corrosion should be minimized by taking into account the charact-er of 
the >/ater supply, ytie soil, properties of materials and other 
environmental factors. 

3.3 Deterioration ^• 

'<^-.^^ 

^ Plumbing fixtures should be constructed of. smooth and non-absorbent 
material without smy. concealed fouling surfaces. They should be 
located in ventilated enclosures. * Appropriate/ consideration should 
be given to treatment of hazardous Wastes and environmental factors. 

3,^ Material durability . " 

The ^lianbing system (piping, fixtures,^ connections) should Ue 
of durable material and capable of giving satisfactory . service 
^..^/^jfoVlts "expect e(J life. ^ » 

j^S^' peflecVion, misalignment and. sagging 

Proper supports shodld^be provided, spaced at appropriate int.ervals, 
to prevent deflection, 'misalignment and sagging. ' , ^ 

3^6 Structural strength . 

The proper functioning o*f plumbing fixtures 
their supports should^not %e impaired when suj 
. loads. ^7 

Maintainability; provisions for maintaini/ig thej 
.conditions. 

il.l Fouling, deposits £ind clogging. 

To guard against' fouling, deposit of solids Jhad/clogging "^l^ariouts 
should be provided* These cleanouts should be arranged in a way 
so th^t the pipes! can be readily cleaned* 

-* ' Ik . 

Fixture accessibility 

^ajL*plumbing fixtures should be installed and spaced so as to be 
re'asonably accessible for 'maintenance. 

if. 3 Maintenance procedure • , • 

Proper maintenance procedures should be followed so that the plumbing 
system is in a sanitary and serviceable condition at all^time'9. 
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Location for maintenance ' # 

, , , . k 

The plumbing system^ and equipment should be sucl) as to assure 
practical' maintainability . They should be so located to be 
^ convenient for cleaning, servicing',' adjusting or replacing 

various elements or components. , • 

5. Standards ; conformance to'»external standards referenced In the code or 
procedure outlined^ In the code. 

5.1 Bxterr^al product standards . , t 
^ This pertain^ to external product standards referenced 'In the. code, 

5.2 External Installation standard.s ' 

. • • - : — ♦ - • - ^ • 

This p6rt^lns tp external Installation standards referenced In 
the code. , ' * ^ ' ?/ • " 

5*3 Accepted engineering. practice' ^ f 

_Thls provides for the judgment 'of the code official as to the ■ , 
soundness of the design-. • ' ^. L 

5.^ Code proceidures . ' . ' 

* 1 ; 

This pertains to appropriate procedures outlined in the code and 
provided' as part of tl)e code requirement. * , . ^ 

The ^at^rlbute classification h^s been reproduced for reference in Table ^*8. 

4.2.3 .Classification of Provisions - - ^ 

TabJLe B.l p^vides the results of the exercise of c^lassifying the provisions of the 
Uniform Plumbing Code by applying tfte physical and attribute classification schemes 
discussed above to the i^rovisions. The chapters covered are: ^ * ^ 

\ a) .Chapter 2 - Materials and Alternates 

b) Chapter 3 r ^Jeneral Regulations ^ , * . # 

c) Chapter m - Drainage Systems * . • 
d») Chapter 5 - Vents and Venting 

e) Chapter 6 - Indirect and Special* Wastes 

f) Chapter 7 - Traps and Interceptors 

g) Chapter 9 - Plumbing Fixtures 

• - • 

h) ' Chapter 10 - -Water Distribution 

Cha^>ter 8 t Joints and Connections, 'Chapter 11 - Building Services and Private 
Systems, ChMter 12 - Fuel Gas Piping and Chapter 13 »• Water Heaters and Vents were 
considered ta be outside the scope. of this study and were ttierefore omitted. 

The Uniform Plumbing...Cbd^ contains both direct and indirect references to materials. 
Provisions such as "^fittin^s shall be made of,bra:ss" were classified by using 
hierarchical iderttif iers f^pm the physical classification scheme which address 
"fittings" and the identifier from the attribute classification scheme which addresses 
"prevention of corrosion," on the assumption that the' primary concern is with the 
satisfaction of that attribute, and not with material selection; therefore, the 
identifier from the material grouping was not used. On the other hand, provisions 
such as "fittings shall be made of brass or other approved material" were classified 
by using the physical entity identifier for "material-general" and the identifier Xrom 
thd' attribute classif icatlron scheme addressing "approved standards . "^^ Furthermore, 
inrproyisions specifying "bras§ fittings should be. . . ," the identifier for 
•jjnate^rial-brass" was used along with the identifiers for the appropriate attribute. 
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For some prov/slons it wag- difficult to ascertain the intention of the code writers. 
Therefore it was difficult to identify, a specific attribute addressed by these 
provisions. These provisions were therefort classified under attribute classification 
attribute^ "^^^ along with other provisions which were directly addressed by that 

' » ^ ♦ « • 

^..3 Analysis ' . - ■ 

It ^an be seen from J^he comparison of attribute classifications shown in Table 
that single attributes are often addressed by more than one xule of- plumbing or 

1!: attribute; convers^y, a^ single ryle. of plumbing or Guide Cr iteria 

attribute often addresses more than one attribute. In order to make the ru'les of 

• J!^ and Gwidecriteria requirements applicable for classifying plumbing provisions 
tney should be unique and complete and therefore consistent with Table ^.8. , 

, Table 8.1 can be subjected to different analyses; one such analysis is given in 
Table i^.lO; ^he table shows the freq\iency distribution of attributes covered by the 
provisions of the Uniform Ylumbing Code . It provides the reader with a picture of 
the content of the code and a record of emphasis. . - - 



TabJ.e ^-1^ 
Physical Classlf Icatiorr ^ 



' Level 


I 




III ' IV 


V 


VI ^ VII 


VIII 


— i 

IX 




Global 


System "^^""^ 


Subsystem Component 


Assembly 
(Global)- 


Assembly Eleiflents 


Appurtenances 








• 


^A. System 


' D. Drainage System 
V. Venting System 
*W. Water 

distribution 

System 


Table BVl 
' Table b:1 
' Table B.l 


F. Fixtures 
and 

Equipment 


^ Table B.2 ' 


Table B.3 


Table B.A 
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Table A. 2 



Physical Clas%lf Ic 



aifion: I 



Di:alnage Systems 



Level III 



Subs)^ems» 



Level IV Components 



>. 

a. General 

b. Drainage piping 

c. Building sewer 
• d. Building drain 

e. Storm drain * 

f. Storm. s^er 
g» Are'a drain 

.h.' Subsoil drain. * » 

i. Hoistway drai^ • 

J. Catch basin 

k. Gutters 

1. Condensate drain 

m. Indirect waste piping 

n. Pressure drainage^ 

o. Utility drain 

p. Industrial waste piping 

q,. Commercial waste piping 



1*. 



a. ^jenarax ^'-^ 

b. Interceptors 

c. Grease interceptors 

^ d. Garage interceptors ' 

e. Building traps 

f. Sand interceptors 

,g. Traps ^ 

h. Direct^wstp connections 

i. Indirect waste ^connections' 

J. Interior leaders or downspouts 

k. Cleanouts 

1. Backwater valves 

m, Indirect connections 



Physical Classif Icationl Venting Systems 



LeVel III Subsystems 



Level IV Components 



'a. General ^ 

b. Vent piping * 
' 6 . Stack ^vent 

<d. ^Commo^i vent 
,^e. Wet vent' ^ s ' ^ 

f . • Relief Vent ♦ ^ 

^. Combdnsftioiyu-aste and-veAt 
' h. Circuit ai^lpqp vent 



Physij ^l- Cla_8^felc 



a. General 

b. Vent headekT 

c. Vent termirt^^ 

d. Vent extensSn 
. e. Vent fittings 

f ^ Ven# opening 

^ Vent connection 
% /Waste pipe 

^» I;iealtouts 



cay)n; Water Distribution Systems 



Level III Subsystems 




Level 'IV Components 



a. 
b. 
c. 

h. 



General , 






Water piping and fitting , * 




-a. 
/ b*. 


Standplpe ^ , ^1 






Hot Water piping 
Water .Storage tank 




.■• ^, 






Hot Water Storage tank 




e. 
f. 


Jl^-^^*^^'^ heater 
Water piupp 




• h. 


• ' \ 




» t. 


. 4 




' •* j. 






k. 






1. 






"~ m. 
t 






« n. 






OT 



38 

•50 



General 
Ballcock 

Direct connections 
, Indirect connections 
Water Storage Contral valves 
Gate valve 
Meters ' . 
Vacuum breakers 
t^ressure reli6£ valves 
Temperature relie^^valve 
Emergeticy. shut-off device^ 
Valves " ' 
Covers 

Pressure regulators 
Pressure — temperature 
relief valve - 
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Table 4.3 . ^ - 
Physical Classification; Fixtures and Equipment" 



VI Assembly 



Level yfl ^"Elements 



el. garb 
f. Wa^r 



a. tGeneral z " - ^ 

b. Bathtub 

c. Lavatory 

d. Shower ^ 

e. Kitchen sink 
rarbage disposal 

;r closet 
fl. Flushometer valve 
T2.. Flush tank ^ ^ 

g. Urinal * 

gl . Flushometer valve - 
g2. Flush tank 

h. Floor dr^in 

i. Laundry tray 
j . Dishwasher 

k. ^ Clothes washer 

1. Drinking fountain 

m. Swimming pool ^ 
n. Hot WateT hdater 

o. Sumps 

p. Ejectors, pumps 

q. Lawn sprinklers 

r. Interceptors, intercepting tanks"*^^ 

s. Evaporative cooler, air washer, refrigerator 

and cooling counters 

t. Walk-in refrigerator 

u. Receptors 

V. Stills, sterilizers 

w. Condensor 

X. Plumbing fixtures (unclassified) 

y. Commercial sinks 

2. Island sinks 



a. 
b. 
c . 
' d. 
e. 
f. 

g- 
h. 
i. 

J. 
k. 

1. 
m. 
n. 

q- 

r . 
s. 
t. 
u. 
w. 



General 

Piping ( discharge j 
Piping (supply) 
Drainage fittings 
Shower receptors 
Faucet 
Shower head 
Drains 

Traps * 

Vents 

Valves 

Mixing valves 

Gate 'valves 

Vacuum breakers 

Washdown pipe 

Cleanouts 

Hose bib outlet 

Outlets 

Inlets 

Strainers 

Flashings 

Backflow preventing 

devices 
Motors, compressor^ 

and «alr tanks 
Trap arm 
Overflows ♦ 
Ballcock 
Bends «g 
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Table 4.4 

Physical Classi fication: Level vm (Appurtenances) 



Level vir5 



a. General 

b. Threads 

c. Connections (direct) 

d. Joints 

e. Flanges 

f. .Plugs 

g. Lprke 

h. Bushings 

i. Hangers 
j . Supports 

k. Slip joints 

1. Expansion joints ' 

m. Hose clamps 

n. Unions 

o. Ferrules 

p. Screws 

q. Bolts 

r. Washers 

s. Access covers 

t. Outlets , / 

u. Joining- material 

V. Fittings 

w. Connections (indirect) 

X* Cleanouts 

y* Seals 

z. FlasKings 
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Table 4,5 

Physical Classification: Level IX (Material) 



Level tX 



a. General 

b. Wrought Irdn 
* c. Steel 

d. Brass 

e. Copper 

^ f. Galvanized Iron 

g.. Cast Iron 

hV Bronze 

i^ Lead 

j. PVC (plastic) 

k. ABC (pladtlc) 

1. Malleable Iron 

m. Concrete * 

n. Metal 
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, -Tabl^.6 » - ■ • 

* Rules of Plumbing 

(from the National Plumbing Code ) (14 ] , ' * 

PI- All premises intended for human habitation, occupancy, ,or Cfse shall be 
provided with a supply of pure and wholesome water, nei^er^connected , 
*with unsafe water supplies nor su>Ject to the hazards of TSackflow or 
backsiphonage • 

P 2 - Plumbing fixtures, devifces, and appurtenances shall Be supplied with 
^ water in sufficient volume and at pressures adequate to enable them to 
4> function satisfactorily and without undue noise under all normal 

conditions of use* 



P 3*- Plumbing^ shall be designed an^ adjus^ted/to use the minimum quantity of 

water consist.ent with proper nperformance and cleaning. • / 

P 4^ Devices for heating and storing water shall be so designed ^nd installed 
as to prevent dangers from explosion thtough overheating. 

P 5 - Every building- having plumbing fixtures installed and intended fox. 

human habitation, occupancy, or use on premises'abutting on a street, 
dlley, or easement in which there is a public sewer shall hav6 a connec- 
tion with the sewer* ^ * 

P 6 - Each family dwelling unit on^premises abutting on a sewer or with* a y 
private sewage-dis'posal system shall have, at least, one water closet and 
one kitchen-type sink* It is further recommended that a lavatpry and 
bathtub or shower shall be installed to meet the basic requirements pf 

^ sanitation and personal hygiene* 

All other structures for human occupancy or use on premi'ses abutting on 
a sewer or with a p.rivate sewage-disposal vw^stem shall have adequate 
sanitary facilities but in no case less than one. water closet? and one 
'other fixture for cleansing purposes* 

* ' * ' 

P 7 - Plumbing fi^ftures shall be made of s^iooth nonabsorbent -^terial, shall 
be free from concealed fouling surfaces, and shall be located in venti- 
lated enclosures* ^ 

P 8 - Th^^rainage^^stem shall be designed, constructed, and maintained so as 
to guard against fouling, deposit 'of solids, and clogging, and with 
adequate cleanouts so arranged that the pipes may be readily cleaned* 

P ? - The piping of the plumbing system shall be of durable material, free from 
defective workmanship and so designed and (constructed as to give satis- 
* factory service for its Reasonable expected life** ^ - 

PIO - Each fixture directly connected to the drainage system shall be equipped 
with water-seal trap* - • ^ 

Pll - The drainajge system shalj be designed to provide an adequate circulation 
* * of air ±n all pipes with , no danger of^vsiphonage, aspiration, 6t forcing 



of trap seals under conditions of ordinary, use * 



} 
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Table /r.6 (Continued) 
Rulers of plumbing 



P12 



E^ch vent terminal' shall extend to the outer air and be so installed as 
to minimize the possibilities of clogging and the return of foul air to 
the building. ^ 



P13 - The plumbing system shall be subjected to such tests as. will effectively 
disclpse all leafcs'and defects in t^ie^ work, 

P14 - No substance which will clog the pipes, produce explosive mixtures, des- 
troy the pipes, or their joints, or interfere unduly with the sewage- 
disposal* process shall be allowed to enter the building drainage system. 
> ' . . . 'J 

P15 - Proper protection shall be providfed to prevent contamination of food, 

water, sterile goods, and similar materials by backflow of sewage. Vhen 
necessary, the fix.ture, device,. or appliance shall be connected indirectly 
with the building drainage system, ( \ 

P16 - Nd water closet* shall be locate<k in a room or compartment which is not 
properly lighted and ventilated.^ 

P17 - If water closets or other plumbing fixtures ^are instalJied in buildings 

wh6re there - is /no sew^r within a reasonable 'distance, suitable provision 
shall be made for^sposing of ^he building sewage by some accepjted 
^^thod of sewage treatment and diapQsal,^,^^ 

P18 - Where a plinbing drainage* system maybE^b^fict to backflow^ of sewage^ 

-''suitable provision shall be made to prevent^ its overfltjw in the buildings 

P19 -4 Plumbing systems shall* Be maintained in a sanitary and serviceable condi- 
tion. ~ " 

P20 - All Tplmnbing fixtures shall be so installed with regtfrd to spacing as 
to be reasonably accessible for their intrended use. 

■ I^luohing shall be installed with due regard to preservation of the 
• " strength of sttucturaF members apd prevention of damage to walls and. 
other surfaces through fixture usage* ^ 

P22 - Sewage or other waste, from a .plumbing system which may be deleterious to 
surface or sub-surface vaters shalL not be discharged ilitQ/the ground 
or into any waterway unless it has first been rendered innpcuous through 
subjection to some acceptable form of treatment. 



to 



.43 



, -A 



3 



Y 

Table 4.7* • . 

Operation Breakthrough Gulde^rlterla-Plunbing Requlreaents [10] 



*l Structural Serviceability 

H.l.j^^Def lection 
H.1.2 Vibration v 
H.1.3 Structural loads 

2 Structural Safety 

•» 

H.2.1 Inserts and hangers 
H.2.2 Installation 

X 

3 Health and .Safety • 

* H. 3.1' Number of fixtiVires 
H.3.2 Leakage ^ 
H.3.3 Hot water supply 
H.3.A Protection of water-heating 

• eqtSLp^nt ^ 
H. 3. 5^ Water quantity: ,user needs 
, H.3.6 Water pcftafcllity - 

H. 3. 7 Resistance to enti;y of verqfji 
H«3.8 Ixaprooer enission of gases or 

liquys I . 

H«3.9 Overflow or back-up 
H.3.10. Water pipe sizing 
H.3.11 Stom watei^^pQsal 



8 Durability/Tijae Reliability * 
(Function) 

H.8.1 Systen life expectancy 
H.8.2 Fixtures and appliances 
. H.8.3 InstallatioiT 
H.8.4 Access 
H.8.5 Freezing 
H.8.6 Corrosion 



SpatiaF'Characteristics and 
Arrangecent 

H.9.i Size and location 



4 Fire Safety 



6 



. '2« T - 



^.4*1 Fire endurance 
H.4.i Sprinkler systcas 

H. 4. 3* Hazardous areas \ 
H.4.4 Wat er^for^ fixe .fighting 

5 Acoustic Environnent 
\.S.l I^ise 



6 *Illuinirlate3^Envli?onoent 
H.6.1 Artificial light 



Atmospheric Environnent 
H.7«r Condensation 



^ 4r S. 



- ^ 



5 * 



-* C jp 



^ 6 



a sr ^ 



EMC 



4i 
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^ ^ 



44. ^ . 

'ff ■ 



* 



' Level I 



Level II 



Table-Ti.S 
ciasalf Icaclon ^^Accrlbuces 

1 . . 



1. ''(F)* Function 



l.*l (a.)^acer supply 

1.2 (b.) Water supply, and drainage flow 

1.3 (c.) Pipe sizes « ^ 

1.4 (d.) Sewer and drain connections 

1.5 Ge.) Air flow ' ^ . 

1.6 (f.) Location for function 

1.7 (g.) Non-interference with other facilities 



2. (H) Health and Safety. 



4- 



2.1 (a.) Potable water 

2.2 (b.) Contaaination ^, 

2.3 (c.) ^ckflow, overflow, siphonage 

2.4 (d.) Hot water equipcent 

2.5 (e.) ^'unber of fixtures . 



3. (fi) Operability, Durability, Reliability 



\ 

'4, (M) Maintainability 



^3.1 (a.) Danage 

3.2 (b.) Corrosion 

3.3 (<r.) Deterioration 

3^4 (d.) Material durabi^-ity 

3.5^ (ef.) Deflection, aisalignnent and sagging 

3.6 (f.) Structural strength 



4.i, (a.) Fouling, deposits and ^clogging 

4.2' i)>*\ Fixture accessibility 

4.3 (c.) Maintenance procedure 

4.4 (d.) Location for maintenance 



(C) Standards 



5.1 
5.2 
5.3 
5.4 



(a.) External product standards 

(b.) External installation standards 

(c.) Accepted engineering practice 

(d.) Code procedures 7 



*The letter codes shown in parentheses are used in the detailed classification of 
provisions in Table- B.l. ^ 



Table 4.9 ^ 
Cooiparlson of Attribute Classifications 



Attribute 



Applicable 
Plumbing Rules 



Applicable Guide 
Xriteria 
Requirements 



1^1 Water supply 

1^2 Water supply amd drainage flow^ 

l.p ^ " Pipe sizes 

1^ Sewer and drain connections 

1.5 Air flow ' • g 

1. '^ . Locatj.pn for function » 
1.7 Non-interference with other facilities 

211 Potable water 

2.2 Contanination 

2. J Backflow, overflow, siphonage 

2. ^t , Hot water equipcent *■ X » 
2.5* Nunber of fixtures 

3.1* Danage ^ 

3.2' Corrosion ^ 

3.3: Deterioration 

3. ^ Material dura^lity 

3.5 2 Deflection, aisalignnent and sagging 

3r. 6 - Structural strength 



4.^1 ^ Fouling, deposits and clogging 

4.2 Fixture accessibility 

4.3 Maint€hance procedui;e 
^•^ ^ Location for tnaintenante 

5.1 External product standards, 

5.2 " EKternal installation standards 

5.3 Accepted engineering pract'ice 
5.24* Code procedures 
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P 2, P^3* 

P 2 

P 3' 

P 5, P 17 

P 11, P 12 

P 7, P 16 ' 

'P 21 

P 1 

P 15, P 22 
P 1, P 10, P 15, 

? 18 • . 
F 4 ^ 
P 6' 

P 14 

P I 

P,9 

? 21 



P '21 
.P 19 
,P 8 



P 13 



H,3.10 ^ 
H.3.10, H.8.4 
H.3.9, H.3.10 
H.3.9 

H,3.8, H.3.9 . 

l:9.7 ' 

H.1.3; H.2.1 



H.'3.6 

H.3.6, H.3.8, 

H.3.9, H.3.11 
H.3.4 
H.3.1 

H.1.2, H.1.3 

ir.8.2, H.8.6 

H.1.3 

H.8.2 

H.i:3 

H.1.3 



H.8.4 
H.8.4 
H.8.4 
H.8.4 

H.8.2 
H.8.3 
H.8.3 
H*8.3 



\ 
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Table 4*10 
Frequency of Attributes 



Attributes 



Number of 
References 



1.1 ] Water supply 

1.2 Water supply and drainage flew 

1.3 Pipe sizes ' ^ 

1.4 ' Sewer and drain coinectiais 

1.5 Air flow 

1.6 Locatioi for functiai . ' ^ 
1»7 Non-interference with other facilities 



1 

19 
2^ 

8 
10 
25 

9' 



j2.1 Potable water 

2 . '2 Caitandnation^ 

.2»3 y^Backflw, overflow, s'iphonage 

^.4 Hot water equipment 

*2»5 ^N\qrber of fixtures 



1 
3 

33 
1 
3 



'^3.1 Dainege 

3.2 Corrosioi 

3. 3 J)eterioratiai 

3*4 . ' Material durability 

3.5 Deflection, misali^iTBnt and sagging 

3.6 Structural sti^ength 



13 
3 
3 
5 



4a 

•4*2 
4J 
4.4 



Fouling, deposit: 
Fixture ^§ 
Maintenance proc 
Locatiai for niair^nance 




clogging 



' 

5.1 ^ External product standards 

5.2 -External installation standards 

5.3 ^ Accepted engineering practice. 

5.4 Code proceduri^s 



3 

19 
12 



69 

•3 

78. 
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5r ELEMENTS OP SPECIP;ECATI0N WRltjI^G STYLE 

In this chapter, the analyses and observations .of the study are summarized as an 
informal guide to* specif ication writer^. 'Bhe "don't use^" and "use" style is » 
patterned after the . Elements of Style by Strunk and White [20]. Only performance 
specifications are covered here, but similar guidelines could be developed for 
prescriptive specifications. The examples used are from solar heating and cooling 
technology, though not all are" from the Solar Criteria , tUie basis for the study. 
In pa]>tiQular, not all of the "don't use" examples are from that, specification. TJ\,e 
guidelines are in two groups: Section 5»1 lists those which pertain to the 
composition of individual provisj ons ; Section 5.2 Ifsts those which per^;ain to 
relations among two or more provisions. 

5.1 Composition of Provisions 

1. Avoid overspecifying physical entities . In defining the physical entit/ addressed 
use the most general term that applies. Avoid naming specific physical entities, 
wl;ich amounts to oyerspecifying. 

Don't use : Use: 
^ 

• "pumps, fans, compressors or • "rotating machinery" 
similar equipment" » 

• "duct and fan systems" • "air-handling systems" 
* 

• "pipe hangers ♦and other supports" • "supports" 

• "pipes. Joints, fittings, etc." • "piping" 

■* - * 

2. Sroup physical entities by common properties . Combine physical entities addressed 
by referring to the common properties affected by the attribute in question 
(cominon 'properties underlined). ^ \ 

• "assemblies containing heat? transfer fluids " ^ ^ 

• "components exposed to the natural environment " * 

• ' "subassemblies that are accessible " ' * ' 

The specification writer c'an use common property, grouping in order to consider 
dysfunctions which pertain to classes of physical entities, In the example . 
above, "assemblies containing heat transfer fluids" are 'those that are subject 
to- mechanical and chemical forces affecting durability, "components that are 
exposed to the natural environment" are those that are subject to ice and hail 
loads, and "subassemblies that are accessible" are those that are potentially 
unsafe to occupants becduse of high temj^eratures . Note that any 'attempt to 
enumerate physical entities in any of the three examples would constitute 
over-specification- by the writer. • - • - - ^ 

3. I'se conditions to postulate implementations . When, a requirement or criterion 
applies only t^:^ specific implementations, single thib.fact by preceding the 
entity description by a condition: ^ ^ 

... * ' 

• "when qUick-closing valves are used, . . . \ 

\ "when the storage subsystem is included in the; design. . . " 

• "when a liquid is used as -the heat transfer fluid. . . " ^ 

Thi3 allows the writer the option of conoidering such an implementation 
/ (without specifying it)-, as In: 

• t - 

"When liquid hfeat transfer fluids are 'used, the system ^ 
shall provide .suitable rfteans for air removal." 



• D^fin^^^rlbute of requirement, Ih every requirement, (Jefine specif ically the ^ 
attribute to he satisfied, it may help the writer to think of an attribute as 

- Swno^ a general,' qualitative statement in support. of one of the attribute ' classes . - 
Thus, the attribute "preventia^ of corrosive wear" is in support of the attribute " 

• mi^f^^.^^^'^f ?u^^^-" ^^^^"^ attribute of a requirement is usually 

more. general than the phenomena of the criteria ^^r.o^^t<.r^ ^f-vT ^v. . uoud^xjr 

mu,,a ♦.L. ^ J, ^ ,. <-xiceria aasociatea with the reauirement- 

Thus, the attribute 'prevention of corrosive wear" is more general than the 
phenomena cc^rrosion by leachable substances" and "corroHof onissSuSr ^ 
materials," which are relatively -specific . aissimiiar 

If-I^he attribute can»t be^ specified , the .provision is probably not a requirjsment . 

• Define phenomenon of criterion . Include in each criterion the specific 
phenomenon for which a level of perfcJrmance is to be achieved. (Recall that a 
phenomenon identifies a possible dysfunction to be avoided or a requisite to be 
assured.)- Example^ of dysfunctions to be avoided are:- 

• "excessive noise arising from vibration of 'equipment'^ 

• "danger , to 'occupants arising from excessive temperatures 
or pressure in the event of a power failure" 

Examples of requisites to be assured are: 

• "regulation of domestic water output temperature" ^ " 
^ • "means for the detection of leaks" 

• Use an active operator, in both requirements and criteria, use posit ive . ^abtive 
terras to describe the result expected. , • 

.^on't always rely on the c^tch phrase;., * - * ^ 

^« . .shall be designed and installed so that. . .J' " • 

In raany cases, more specific wording can be used: . ^ 

• ;'(the collector subsystem) shall be located,' oriented, and 

tilted so that " : v • 

^ ' ' ^ "'if 

^ • "(piping) s>ajtd be sized to. . \ ." ^ ' 

Also don't ba^ ^unnecessarily wordy: • " i 

Don't use : ' ^ ' Use : ' 

• .shal3.be designed to . " • ". "shall provide. . ." 
pizovide. ..." 

• "... .shall.be designed to be • J» . . .shall accommodate. . 
capable of accomjnodating., ..." .... ' , ^. ^ . ^ 

" Use quantitative me asures in criteria . Ensure that criteria are quantitative by* 
specifying the level of performance expected, ^or, at least, by specifying 
precisely >he device or process that in to be provided to ensure performance. 

Uneer a requirefneht^ dealing with the effiqient" operation of the DHW system, 

Don^t use ; ^ . ♦Use: 

• "P^.^u^®'' 'temperature - • "The water temperature shall 
shall be regulated." be regulated v^ithin the r ange 



or 



Of 103^ to 16b^F." 
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• -"Regulation of the water 

temperature shall be assured." * 

The underlined material shows how t'he efficierjt operation mentioned in the\ 
requirement is ensured. ^ ^ 

• " ' 61 



'if a quantitative measure pan't be- defined, the provision is probably not a . . 

criterion. 

"by a mere review of plans and specifications!^ For example, in 
m. "Systems. .shall accommodate flexing^ . 

* . an examination of design criteria is more appropriate than a review of drawings 

and specifications; and in * ^ 

..#'• "systems. . .shall not leak when tested. . •/ 
a review of -test results is moue appropriate .\ 

q Avoid blanket r.f prin ces to specifications and standards . The entire purpose of 
^forSe specifications is^defeated by excessive reier ences to external 
specifications and. standards . Do not say: 

• «\ . .shall be designed and instaflled in accorjiance with (name of 
sp^scification) ." ' • - ' 

At least, specify tKe attribute that is to be achieved. 

\ n_ . shall provide a minimum level of fire safety consistent with 
(narae of specification;." I ^ 

Better yet, define the phenomenon to be quantified and depend on t^e 
specifications and standards only for establishing the quantitative 
measure: ^ . / 

• . .shall meet the requirements for draw and recovery specified 

• ^ 'in (name of specification)." - r ^ 

10 h..ed on attribute or phenomenon , t/ie title ~of the r^^^^ . 

or criterion descriptive of the attribute or phenomenon, rather than of the 
physical entity covered. " K / 

, • (under a requirement dealing with Leakae^e prevention) 

r^ ^ * Use: / 

Don't use :. / 

- • ' " Air transport systems" <^ " Air leWka^e " 

• (under a requirement for Excessive pres sure" and^ temperature -protection) . 

' Don^t use : / - 

' - H Relief valv^ and vents " "Pres^'ure and temperature relief" 

' . (under a -requirement for Effects of e xternal/environment ) 

Don^t use : /"^ . . , ^ 1 

I ■To.ponents cr ^a^eriais . -. . , "S^f^^eS^^' ' 

exposed to- sunUrfht " v ^ ^ ^ ^ ^ j ^ / 

" Components buried fn soil" - - ' ^ "4ld^^corrosion" 

• k n. not deliberat.iv v.rv wording avoid mc/nkony.. Note the underlined Word. 
\; in the following: * ' - ' / * 

. '!/ ^ «r. . .collecting ania :rconyerting soKir ejiengy into thermal energy." 

\'"*\. " . ^^&i..Vi.g^n^^.nnvertihg >ldlanfc ^o^fenevh into^hermal 
1 energy. . . ' j • . ''^ 

, . .convert incidei^t solar enerfj^into useful thfrpal e^^gy. 
' ■ - . . »| -/ ' • - ^ - 
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Such "stylistic" variation is confusing to the reader, who may try to find 
some technical reason behind the different 'cheice»^_words.x 

12. Avoid usi n_g sub.ject^lve wording in requirements and criteria . Even requirements 
Which $re qualitative statements, sif^puld be as free as possible of words which ' 
are subject to interpretation b^^ guesswork on the part of the reader. Certainly 
criteria, which are quantitative statements, should not use such words. Consider 
the following: ^ . . — 

• . . suitable means »for air removal. . 



> •adequate provisions for thermal expansion. . 



• . .damage of unacceptable magnftu^de , . 

How is the reader to interpret "suitable," "adequate," and "of unacceptable 
magnitude"? . ^ , 

' Other subjective words and phrases to be avoided ar€^"significant (ly ) " 
"excessive(ly)," "below acceptable levels," "unduly," "normal(ly) ," * 
"beyond acceptable limits," etc. - 

5.2 Organization of Provisions , * , , 



1. Use only one attribute per provisiop .^ -A provision (requirement or criterion) 
addressijig more than one attribute Ih improperly written and should be split. 
'J)ach of the following examples can be split into two criteria: 

• ...shall be sized to a ' * 

carry the heat transfer I ^ ^ o 

fluid at design flow rates " f Criterion a 

without excessive 'noise . - ^ 
or erosion-corrosi©n"^ } Criterion b 



• ". . .shall not significantly ^ ' 

affect the efficient operation I ^ T 

of the H, HC,- or DHW systems j Criterion a 

or the habitability of the ) ^ . . ' 

building." • ) Criterion b 

The use of catch words* "health and' safety" ^nd "safe and efficient- operation" 
as attributes will automatically^result in the violation of this rule. 

Do rtot misplace cri^>eria> . A criterion is m^s^laced if: 



a. .th^ ^phyfeical entitSy addressed is not a' subset of the entity 

addressed by the requirement under which the criterion appears. 



or 
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b. the physical entity addressed is not a common property grouping 
within the entity acdressed by the requirement under which t?he 

.criterion appear^^ or ^ » ' ♦ 

c. the phenomenon addressed is not a subset of the attribute of the 
requirement . ^ ' 

Examples of misplaced criteria: ' ^ * tt 

a. Requirement addresses collector. " 
^ Criterion addresses whole system. 

b. Requirement addresses collector. 

Criterion addresses components buried In s^l. 

c. Requirement addresses failure loads and load capacity. 
Criterion addresses glazing design. ' ^ 

I V 
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Order criteria by related phen'omena > In ordering the criteria associated with 
a requirement, sequen<ffe them by the phenomena ttoy address. In the sequence 
below,' the second criterion, dealing with* air. Is out of place between criteria 
dealing with liquids, and should be moved the end. 

Requirement:: Heat transfer fluid quality^ . , 

Criteria: ' 1. Liquid quality 

2. Air quality ^ 

3. Liquid treatment ^ ^ > ^ 
^ 4. Freezing protection (applies to liquids only) 

Use> slngle-crlt^lon requirements sparingly . The specification writer will find 
that usually It will be necessary to associate two , or more criteria wl-th'a 
requirement In order to completely address the leve^^of performance stated In 
the requirement. It Is appropriate sometimes, however, to use single-criterion 
requirements. . 

Tha rule t-o follow Is that the criterion must address 4 subset of the 

re.qui^rement (either physical entity, common property grouping, or ^attribute ) 

or else must Introduce a quantifier. If none of tl;e above applies vthen It 

Is questionable whether the "requirement" is In fac£ a proper requirement. 

fn the -following sequence, the rule is not followed; the criterion is merely * 

a rough rewording of the requirement: 

lb 

R: Shutdown of subsystems in one dwelling unit shall not impair 

the distribution of energy to othe? ciwelling units of the building. 

C: Shutdown of the" H, HC or .DHW subsystems in one dwelling unit of 
- a tnultifamily *housing complex shall not interfere with the 
' operatlpn of the subsystems in -other dwelling units. 

Avol^ unnecessary cross-referencing . With proper assignment of criteria to 
requirements and proper ordering of requirements, it should not be Tiecessary 
wlthdn a criterion or requirement to cross-reference other criteria and 
requirements. The situation is analagous -to the| one noted in rule 9 in 
group 5.1 on referencing other st)ecif ications and standards. Blanket 
cross-references are to be avolde*d: \ 

• . '.shall be designed to meet the requirements specified .„ 
in. . ." * 

More specific 'crossT-references may be used' where necessary duplication 
of the same material would result: 

• .shall be designed to meet -the requirements^ for load 
co mblnatlori specified In^ . 
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6. POTENTIAL APPLICATIONS 



V 



In this chapter, the potential applications of th^ model *and rndthodology^developed 
in this study are discusse'd, with emphases on the analysis of existing codes and 
.standards and the synthesis of new ones. , 

6,1 Analysis - ' » * 

'I . " * 

rr^^ks discussed in the* Introduction, there is a need for the cxasslf ication, maintenance 
comparison of existing codes and standards. * 

Every sp'fecification has tobe continually ^maintained to keep up with social and 
technological changes. This on-going maintenance would be aiSed by a\ standardized 
organized framework, both for initial provisions and for later modifications, 
additions and deletions. 
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^here is an equally strong need for a mechanism whereby the coveragtr^f different' 
codes and standards could be systematically compared by the following types of- 
or^anizatioris : ,i 

• design and construction organizatic?ns operating under multiple 
jurisdictions need ready access to information on similarities 

and differences among codes, so as to adjust their work accordingly; 

• building regulatory agenc.ies adopting model codes need a mechanism 
' ^ , for Ibcating and identifjring those provisions which warrant local 

changes or exceptions; ^ 

• model code authorities and other bodies responsible for the 
promulgation of codes and standards need a--similar mechanism 
for representing changes and exceptions introduced in the 

adoption process to guide them^in .their maintenance activities; ^ 
and ' • . * 

• groups and organizations interested in broadening the coverage 
of existing cod^ and working towards^ broader national consensus 
need a representational tool to display the coverage* of codes, 

so as to be afble to systematically review, ar^d hopefully ' 
eliminate, t^ie existing differences or discrepancies. 

The methodology presented in this study could, be developed and extended to produce 
a classification scheme and representational method to satisfy the above needs. In 
such a classification scheme each provision would be classified as to: 

• the physical entity addressed*; 

• the property of that entitry (where applicable); , 

• the attribute to be achieved (for requirements); 

• the measuVe' of satisfaction required (for criteria). 

Ini'-.ial approaches foi the physical entity anvl attribute classifications have been 
presented in Chapters 3 and Further work will typ 'required in order to extend 
these to practical and gef^rally applicable classifications. In p_articuiar, the 
terms -for physical entitle! slfould be standardized. Alsoj the conceptt of common 
pj»opert^ develc5ped in Chaptt^r 3 shoula be^exle^ided so as to serve its inteijded 
purpose; as- a "shortcut" to elj.minate or reduce extensive enui^ieration of components.^ 
Similarly ,>-the|classif ication of attribute^ ^hcruld be extended to cover the entire 
range of cedes I and design specifications. .For prescriptive specifications, standard 
interpretations of Implied attributes must be agreed upon, as they could ther form 
a solid i'basis on which the intqnt and adequacy of Vi*ovisions could be evaluated. 
Finally, it will be necessary to extend considerably the list of posiiible measures 
discussed in Chapter 3 to encompass all cases that may occur; such measures are ' 
'essential to define the levels of perfojmance^^ecifled. ^ 

J 



With a classification scheme of the type discussed, any specification cbuld be 
concisely represented by 'a table such as Tables A,l and B.l, or' by the implementation 
of such tables in a computer-based information system. Local exceptions, 
modi fixations, updat^,'^c. could be rapidly and conveniently located^by reference 
to the classifiers' cfescribing the provisions. 

An illustration of the potential advantage 'of using a standardfzedt clas^ificat'ion 
scheme of the type discussed in this report for representing existing specification 
provisions can be taken from Reference L^. >^ 

The 1969 Edition of ANSI Standard A119.1, atandard for Mobile Homes [19], contained 
the following provision in Section 7.3 (page 15) : 

"... All wall and partition Surfaces shall^e capable^ of -resisting 
a horizontal load of not iess than five pounds per square foot." 

a 

The ^provision did not appear in the editions of 1972 through 197^. In- the process 
of adopting the Standard in state 'regulatory programs, the provision of thp 1969 
Edition was included in Iwo states codes: ^ • . - 

• in North Carolina, as an amendrSent of 'Section 7.3; * ' 

• in Oregon, as an amendment of Section 6.2:" Design Live Loads . 

% 

The provision was re-introduced in the 1975 Edition, but his time under Section 6.7: 
Interior Walls . ' T^us, in a period of six years, the same provision has cropped up 
in three different sections of the St'andard or State icode based on the standard. If 
the provision had bpen *classified not by arbJLtrary section numbers, but as a 
provision accessible by the classifiers: ' • ^ 

physical entity = interior wall , 
attribute = structural strength 

the provision could have been readily located, regardless of section number, and the 
various editions of the standard, as well as the State coii^s adopting them, could 
have been directly compared. ' ~ ♦ • < t ' 

, * * ♦ ^ 

6.2 Synthesis 

It is expected that the major use of the concepts of thijs study will ^e in the 
synthesis or development of new specifications, especially ofi performance 
specifications. Before such work can be undertaken, however, some of the 
preliminary steps discussed in the preceding section will have .to be accomplished, ^ 
albeit for a different purpose: . . 

• in developing a practical physical classification; e^or^t must 
.be made to generate classifications of entities whi-ch are 

implementation - independent, separate from traditpnal building 

part names; the extension and systematic exploitation of appropriate*^ 

"property" categories may, be one way to achieve this objective; 

% the list of specific Entity names needs to^be formalized and 
coordinated with the general functional ol'assifications and \ 
properties, tc serve as the basis for implementation - dependent* 
e/aluatlon procedures for performanc'e specifications as viell as for 
prdcedural or prescriptive specifications; 

• ube list of required attributes and their underlying phenomena * 
to be controlled needs to be considerably extended, subdiy.ided 

and properly defined, so as to clearly identify the user needs 
^ addressed by «ach; and 



• the list of available measureMnts, and the appropriate evaluation 
rpethods Tor eaph, neetis to be formalized to a much, greater extent . 
than the present, so as to provide a d^lear basis for choosing ^ 
appropriate me'asures for each criterion. ' ^ . ^ ^ 

' — <r ^ 

The availability of such classification schemes C9uld formalize and considerably 
- improve the process of synthesizing new specifications. 

f}' ^ " 
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At the conceptual or planning level, the synthesis process could begin with the » 
clear identification of applicable attributes and the phenomena to be controlled. 
Through appropriate properties, the general functional classes of physical components 
susceptible *to dysfunction could be next identified, and thus a general fo^amework 
of requirements and criteria sketched. This framework could then be systematicalfor 
"fleshed out" through t^echnical and economic analyses to determine the appropriate 
type and level of measures for each criterion. ' 

• In practice, of course, the development Qf new performance criteria will seldom, if 
ever, be tlte direct, linear sequence of activities described above. Hather the 
process will tend to be iterative,, where new considerations, e>:en the need for new 
research, will emerge as portions of the document are developed. A computer-based 
interactive information management system based on the classifications presented ^ 
could serve as an effective management and control mechanism for the operational 
phase of synthesis.^ 

' * . o ■ > 

At the operational or developmental level, the framework of general requirements and 
criteria would be entered into the information management system when the detailed 
development begins. Tenta^tive elaborations of proposed requirements and criteria 
would' be entered as they are developed, .together with appropriate classifiers. 
Periodically, th^ provisions could be sorted and listed, and the qutput 'examined to ^ 
ascertain progress, to review ^nd modify as necessary the proposed classifications, 
and to identify, r holes" or other indications of uneven coverage. On the detailed 
level, provisions could be examined for conformance with accepted structures and for 
the proper maintenance of tjne RCTC hierarchy. At the same time, as f>rovisfons 
accumulate and are "firmed up," tentative ^groupings and chapter layouts n^ay be 
de.veloped. Through appropriate identifiers related/ to the classi^f ication schemesp^ 
alternate organizations may be explored anH evaluated, thereby reducing the 
dependence of the orga'nization on a sometimes arbitrary two-dimensional matri;i^ Prom 
previous' studies [l^,l6], it appeals .that theoretically inclined readers- woultiT prefer 
an organizatyiV>n where the major#groupings are hased on attributes, with further^' 
*'^ubdivisions based on physical components, wi^5?eas practically-oriented ^people would 
inojje cgmfortab^e with the oppgsire ordering." Tentative outlines for these two 
schemes, or combinations thereof, could be readily generatec^ and compared. The final 
organization and assignment of cH'apter, requirement and criterion sequence could thus* 
'be delayed until the project is essentially complete, resulting in more readalJle, 
easier-to-follow documents. TheodevelQpment of extensive inde.xes structured / 
according to alternate ordering of classifiers woul^d be an automatic byproduct of the 
classification schfeme maintained by the information management system. 



CONCLUSIONS AN RE COMMENDATIONS 



7. 1 Conclusions 



This study is a pilot project for Identifying concepts and methods for the 
estlwislment of a rational framework of specifications, dealing with both the v 
detailed organization of ind3.vidual provisions and the overall classification of 
provisions in the document. . ^ ^ 

It has »>een shown that a'll specif ication. provisions have a simple basic -st^uotjp^, • 
consisting of two basic elements: ^ \ . 

(1), a subject, which makes some mention of a physical 

entity,, and ; , _ 

C^)^a predicate, which relates to one of the attribute 
classes. 

This simpir structure pern^its "the /study of organization: at two levels : (1) the way 
IhJ elements are composed'in a single provislfSn; and (2) the manner 'provisions are 
related through the Lbjects they address and the attributes -they seek to achieve. ^ 

Detailed study of thi first aspect, that is the composition of iJrovisions, was only 
?l5riBd out for a p^formance doou^ent. Studies of the second ^^P^^^ were performed 
on a performance^document and a prescriptive document. Studies at *oth level^ 
rpnnire a carefully structured classification oi; the physical components forming ttje 
suKL of provisions, and of the attributes to be satisfied. Classifications have 
been^Sve^oped for these t«So domains for>o documents, representing- extreme points 
oh the performanc.e-prescriptive continuum. ^ 

f>hv<5iofli classifications could be developed with reasonable 'ease from both docum|nts. 
iKth doc^ents there appears to b$ too much reliance 6n naming specific building 
llrts AsTresult, it is sometimes difficult to^roup tha^tities into larger . 
Ss'in 1 hierarchical fashion. Nevertheless, i^appears entirely feasible to 
extind the classification to otherv documents, and eventual^ti standardize both the 
terminology for building elements and hierarchical groupingi^f or the- terms. 

The development of attribute' c'lassifications "was hampered by tlje occasional lac4^ of ^, 
olLitv and definitions of attributes in the performance document a!« their 
. complete absence in the prescriptive document.^ The classif ica.tion reported here 
■sl>ould fee considered hi-ghly tentative. 

In the performance 'document, an important mechanism was identified for achieving • 
concls-eness in addressing physical components without °^^^:^P^°i"°^-^^°S- 3^^^ 
mechanism consists of referring to. a common Property ^uc^ as exposed to solar 
degradation," which singles out entities susceptible t-o dysfunction under a 
'na^t-ioni«r Attribute in a completely Implementation-independent fashion. A 
^Ssificatfon of properti^ conta.i^ed in the'document was developed; significantly,, 
the proper tries identif ied;;^e well structured hierarchically. ^ 

Also in the-perfor^nanc'e Wument,- the "traditional" RCTC hierarchy couA be given. 
■ We'*cSl meaS by associatilg criteria ,with properties, or with subsets of th^ 
entitle Wor attributes/' of th&rresp<?nding requirement, and by associating the ' 
Si if tKvaluation with the t^e of measure speqifieti in the criterion However, 
because of the wide range of measures, contained in the criteria,' the latter 
alsociation cquld not bl demonstrated to the same degree of concreteness as the 
former., s*» . • • 

This study of the' composition of provisions in the perforpiance -specification produced 
a formal representation of the syntactic structure of requirements and criteria. 

'The classification s'ystems and the analyses in Section 3-3 produced concepts and 
?ernino!ogy\hich were used_ in giving guidance for future efforts in performance 
• vsp^cificafcion writing. ■ ^ 

On the basis of the,6tudies reported, ^wo- potential applications "ere prfesented. 
SLs? it was sho^hat a classification scheme of provisions according to physical 
enUties! attributes (explicit .or implicit) and measures specified can serve _as a 



concise^ representation which may be used to represent and compare ^he c'overage of 
specifications and the extent of local exceptions, modifications, and proposed and 
actual changes J , < » ^ ^ ' ^ 

Second, it was shoi^n that the .classification scheme cctfld serve In the development 
^r synthesis oJO new' specifications in two significant ways: at the initial planning 
or conceptuar level, by permitting the ^development of groupings of -requirements 
before any^ detailed work is undertaken," and at the operational and developmental 
level by "tracking" progress and fay allowing tentative groupings and chapter. layouts 
to be. developed and evaluated. ' ^ 

7.2 Recommendations for. Further Study ' ^ ^[ 

There are a number ot directions for futji work which are continuations of some of 
.the research activities jiieported on in tn3fe study. - . ' . ' - 

. ' ■ ^ * 

• The classifications of physical entities and attributes exhibited * 
in this st^idy are illustrative rather than recommended. Clearly 
there is a need for research on more genei:al classifications. ^^ 

i - * • * 

• The analysis reported on" in Section 3-3 o^this si^dy is tentative 
- in nature. Further research^^into ^he nature of attributes of 

requirements and measures x>ffe;^iteria is called for. This 
work is expec'ted to relate closely to the research on attribute 
classification called for ^ust above. 

• The notion of "property" needs furthBr research. The role of 
jv properties as selectors of physical entities for attributes . 

needs to be investigated fiS^ther. ^ , 

• The classification work for evaluations, in .this paper is 

tentative rather than recommended. Further research is necessary ^ 
in that area as well as in the larger '^area of the RCTG hierarchy. 

In addition, there are a number of proposed areas for study which are not simple, 
continuations of research in this paper but which are Logical next steps for that 
research to take. " ^ 

• There is a need ^ for the analysis»of the language of provisions 
in prescriptive specifications. It is of 'iril^erest to determine 
to what extent the structures and concepts^ developed for 

, performance provisions 'are applicable to prescriptive provisions. 

» . 

• The research reported on in this paper is related to the' research 
recently conducted at the University of Illinois under contract ' 
to the National Bureau of Standards' (see [22] J. The relationship 
needs to be investigated further, especially the language analysis 

• in this paper with the decision table analysis in t»he Illinois 
study and the classification studies in this paper' with the 
outlining algorithms in the Illinois study. 

• The implementa^ion^'of a pilot information retrieval system 
along the lines developed in Chapter 6 is a possible next step 
to take. It could'be based on classification schemes such as 
those develbped in Chap'ters 3 and 4. Tt would allow for the 
orderly djsvelopment of such classdf icatiqn schemes and would 
provide a prototype context for developing some of the.l^aeas 
advance^ ip Chapter 6. , 

• The automatic -generation of the text oH provisions could'be' 

- ^ explored. Given as input the physical, property and attrib'ute 
class^Lfication schemes along with the structures introduced in 
Section 3.3> it would be possible* to generate provision-like 
word sequences which ^coulS be examined for acceptability. The 
style guidelines from'Chapter 5 possibly could be used as 
constraints. .In the .generatJLcn 'process . ^ . ,a 
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:■ ^ y"^^ *i ' A"nlthpiU>ten"tial res^'arch* task >s the ^eXIrtrcrt^tior^^of^cpiivtrtin^ ^ 



l^l-^/ru^SVvernlri'r hr xprrssl^; of p-;t>vlslons such as 
fhose^evel-iped ?n Phapfer 5 voSld all be desirable components 
in such "aJ conversion scheme. 
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APPENDIX A. Classification of Provisions of Solar Criteria 

Table A.l - - • . ' r 
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piMENSIONS/NBS (formerly Technical News Bui-, 
letin)— This monthly magazine is published \q inform 
scientists, engineers, businessmen, industry, tochers, 
students, and consumers of the latest advances m 
science and technology, with primary emphasis on the 
work at NBS. The magazine highlights^nd reviews such 
issues as enfrgy research, fire protection, building tech- 
nology, metric coi\version, pollution abatement, .health 
and safety, apd Consumer product performance. Ui addi- 
tion, It ^reports the_ results of Bureau programs'^in 
measurement standards and t^ohnrques, properties of 
matter and ijiaterials, engineering standards aivd serv- 
ices} instrumentation, and autoTnatip data processing 

Annual subscription. Domestic, $9.45; Foreign, $11*85. 

V. I > 

NONPERIODICALJ 

'Monpgraphs — Major contributions to the technical liter- 
ature on various subjejits related to the Bureau's scien- 
tific and technKal activities. ^ 

Handbooks^Recommended codes of engineering and 
industrial practice (including safeCy codes) developed 
m cooperation with interested industnes, professional 
^organizations, and regulatory bodies. 

Special Publications— Incfvde proceedings of confer- - 
ences sponsored by NBS, NBS annual reports, and olKer 
special publications appro Rri^e to this grouping ^ch 
as wall charts, pocket cards, and. biblfographies. 

Applied Mathematics Series— Mathematical tables, 
manuals, arid studies ol^ special interest to physicists, 
enginesrs, chem^ists, biologists, mathematicians, com- 
puter programmers, and others engaged in scientific 
and technical work. » 

National SUndard Reference. Data Series— Provides 
quantitative data on the pii>^sical ««d chemical proper- 
tied of materials, compiled from- the woHd's literature 
and critically evaluated. Developed under a World-wide 



program coordinated by NBS. Program under authority- - 
of National SUndard Data^Act (Public Law 90.396^= — 

NOTE* At present. the principal publication outlet^or 
these data is the Journal of Physical and Chem^al 
Jleference Data (JPCRD) published quarterly for NBS 
by the Amencan Chemical Society (ACS) arid^the Amer- 
ican Institute of Physics KAIP). Subscriptions, reprints, 
and "sui^piements available from ACS: 1155 Sixteenth 
St. N.W.,.Wash.D.C. 20066. " ^ 

Building Science Series— Dissemtfiates technical infor- 
mation developed at the Bureau on building materials, 
componentsrsystems, and whole structures. The series 
presents research results, test methods, and perform- 
ance criteria related to the structural and environmen- 
tal functions an<^he dura'\)ility and safety character- 
istics of-building elements and systems. ' 

Technical Notes— Studies or ^orts which are complete 
^n themselves but restrictive in their treatment of a 
Subject. Analogous to monographs but not so compre- 
hensive in scope or definitive in treatment of the sub- 
.Jct area Often iterve'as a vehicle for final reports of 
work performed at NBS uncter the sponsorship of other 
government agencies. 

Voluntary Product Standards— Developed under pro/- 
cedures published by the.HDepartment of Commerce in 
Part 10, Title 15, of the Code of Federal Regulations. 
The purpose of the standards is to establish nationally 
recognized Requirements for products, and to provide . 
all concerned interestM ffith a basis for commop under- . 
standing of the characteristics of the product?. NBS 
administers this program as a su'ppIement,to.JlifiJac;tiYii^ 
ties of the private sector standardizing organizations. 

Federal Information Processing Standards Fublic^tiona 
(FIPS PUBS) — Publications in this' sene s oollecti v ely ' 
constitute the Federal Information Processing Stand- ** 
ards liegister. Register serves as the official source of 
fnformation in the Federal Government regarding stand- 
ards issued b^ NBS pursuant to the Fedeorl Property 
and Administf-ative Services AcjU of 1949 as amended, 
.Public Law 89 306 (79 St^at. 1127), and as implemented 
by/Executive Order U717 (38 FR 12315. dated May 11 
1973) and Part-6 of Title 15 CFR (Code of Federal - 
Regulations). ; 

Conjuiti^r Information Series— PracticaL information, 
based on NBS reseych and experience, coverii^g areas 
of interest to the' consumer. Easily understandable 
langirage and illustrations provide useful bacliground* 
knowledge for shopping in today's techjjblogical 
marketplace. J t 

NBS*InterAgency Reports (NBSJtR)^A special series of 
interim or final reports on work performed by NBS for 
outside 'sponsors (both government and non-govern- 
ment) In gerieral, initial distribution is handled ijr^ the* 
sponsor, public distribution is b£lhe. National Technical 
Informatwn Service (Springfieldi^a. 22161) m paperi. 
cop3^or microfiche form. ' 

\Order^NBS publications (except NBSIR's and Biblio-* 
graphic Subscription Services) from: Superintendent of 



Odcuments, Government Printing Office 
D.C^20402. ' ' 



Washington, 



The following curren^warenesa And li^ratiSVe-survey 
* , bibliographies are issuS periodically by the Bureau; 
Cryogenic Bata tenter Current Awarenesa Service 

A literature survey . issued biweekly* Annual sub- 
^ " RGription:,Doijiestic, $20.00; foreign, ^25.00. ^ 

Liquefied Natural' Gas. A literature survey issued quar- 
N ^ *criy.AnnuflUubs^Jiptioni $20.00^ ' 

V £I^C*^'*^^'^^°*^*^» Devices and Materials^ literature 



BIBLIOGRA^IC SUBSCRIPTION SERVIQES 



survey issued quarterly. Annual subscription: $20.00 
Send subscription oncers and remittances for the 
pieccdinp:^ b?^blioj?raphic services .to National Bu- 
rcau of St^jrndardj?, Cryojcenic Data Center (275.02) 
Boulder. Colojyido 80302. , , \^ ^} 
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